
: ojaJI (1) 


,4all dl^lc-lilll ^yi djluu <j' SjLall AojLL S.iaj jJUd i ^ : 3 jj ifl 


.. (Capital) ^'j t> uj&“ 0 
(S) ‘ (P) j^jii'j 4 (N) ‘ (O) u ja-mS Sn j ‘ (H) : Jtio 

.. (Small) A 1 -^' j ‘ (Capital) JjVI A&j jjaja. t> jjAi@ 
(Mg) f j 4 (Na) f jA j ‘ (Ar) uj^ j^' j ‘ (Ne) uj^' j 4 (He) ? jA^ll ♦ J£« 

♦ 1^7 <»>l 
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: ojnJI t "il i g«=.n 


ojjj£ IglVttj (±) 4 HjLLo CjUjjlijj (+) 4 j-s yi dll jj j jj <L^j«a ol^jj (^ 

/ojllH 4li£ ala* .a 

/oljjll (JaL LAn V Idv 4 juj>jij l^JLaAl (j^-i ol^lil 4..u.ulllj o j i» xsi 1 g'ilVs ; ( — ) AjILui dLiJ jiiSLl] ( Y ^ 

d c- <_£ jl d el j ill J i.1^ o^j ^.j-all 4 dll ijjj^jill d c- (jV 1 4 S^lalLa ejJ 11 © 

/el^lll (J ja. jj.ii ^jlill 4-ilLmll dLijjj£lVl 

: iSjiJI DooJIg cULiSJI 


• -LS A 4j j^j dLa£ dlilj ^1 A Vi. ■'! j j^jc. (_^1 ojj eljj i_daj ^yJc. 


eLalxll ^ILu 


(N) O 

(Z) l 5 jill O 

(A) aISII ^ O 


W 


eljlll dLijjlnll + dli jJjjJl -id- 

A 

(dUjKjjiii) ^lisii ^dJi 

eljlll dUjjj^jjll 

Z 

(jjili ^dJi 

N = A-Z 

N 

dUjjlnll JAc. 
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a ‘-m < 


(O'b J y Jj S' + Ob jJj yS\ iJS- — <Lb^l! jAp) 




: Nucleus Symbol olgUI poj 
^)j^ajjul !a& oljj (jli X ( _ g jl l.aft\' oJjaj l^)f~i ic. 1 i Ia] 

; <LuVI Ajhjlalb \ ©fLo 

yX N : _>jl' uW^' (A? 


ufjjjXJ? I -l£^ 


^4p j ^4d 

/X^) j5> 

6 pj HSdJ 


: iS~»«~lr-»ill SIUJI IlLO CO 

A ^4-ybll 4_iiUail ojI A 4 _jc> jill CjLjILumII ^Laj <ji CjUjjaSJ^U Aj V 

^l&Vl AiUall CAlA AjC jill CjLjIuiaII jb Vji 
; gyL LaI bAC-Luaj AjS- jill CjUjIuxaII ujjjjj 

Is < 2s < 2p < 3s < 3p < 4s < 3d < 4p < 5s < 4d < 5p 
< 6s < 4f < 5d < 6p < 7s < 5f < 6d < 7p 


[ 9K , nNa , 19K , 30 Zn ] t ^i Af .iii ^7t i i>x4 i n < v> a-jiaji HaIj.au yu ; 

/ V\s^ | 6 


® 9 F^,2s 2 |2p 5 
©nNa: Is 2 , 2s 2 , 2p 6 , gs 1 




n m : IS , zsi , , »s 

® , ; ,K^ Is 2 ,k 2 | 2|1 , 3s 2 . 

© /oZn : Is 2 , 2s 2 , 2p 6 , 3s 2 , 3p 6 , 4s 2 , 3d 10 V > f 

; (J-aLk jlc. ojjiaV ciiUjjjSiyi * 

©Hie] 2s | ®[ioNe] 3s | ©[ 18 Ar] 4s | ©[ 3< ,Kr] 5s | ®[ 54 Xe] 6s | @[ 86 Rn] 7s 

; AolUll ClNLsJI <_£AaJ ^ I^NIjajjj! ©jSj LaAic. aj&Loa ajAll ^ u.© * 

_a-!itlaVl *Calj ^‘iIIaa b b.© (^) .LaLaj At- jli ^ ) 


: xigxD ooeIo (f) 


Vji j JljS AjVbajjji Jx*2u <jl Axj V) C&-* (jS^ A V 






: isj-xll(2 


.SjLaII ya)jL Aafi Jl jilt Alla. l j£- Aajj y »ALall 0-« 9- j*> jA : ^j^JI 

: 

.. ji&i j' uijji (>> uj&i : j^jc- i$j* ( f ) 

(P 4 ) 4 (O3) ujjj^'j (CI2) jj^'j ‘ (H2) u^jj-^'j 4 (O2) : jHo 

.. jiiSI ji (jijji (>» uj^y : 4 r^>* isj* (u) 
(NaCl) f jja 4 (H 2 O) 4 (H 2 SO 4 ) 

: ~<i^t-»4. oju, aj jxa ^yn LJ juV <L1h« AH OL. SjaII 2L£j^x1( AjLm^J) «Lll£J 
. Avjv^lt AxjLuuill Aju*«all AjU£ ^Jaluu ^lia Ajjill ClAc jaxaIIj CjI jilSall ^ylc cJjjlUI : Vgf 
jj AjuiuJLaII ji aAj s4alt CjUjjoliyi AAl£ (j^ jjxj (^Jillj ^C- jAjj Ajjj££ 1| A : jA K*rH 

.A j Jajj jjl) l^j liljLuLall 

: JaliJI 2LoUf j^Lr-O) 

;JaA] 4 [Ag + ‘ [K + 4 [Li + 4 [Na + f>. 

‘ 


[F- Ajjjla] 4 [H 4 


[Zn 2+ oUjU] ■ [ 


/ 


6 



2+ 

2 ” -^j^J 4 [O 2 4 [Fe z+ II J*H 


4 [Ba?^jW ]£ 4 [Ca 2+ 4 [Mg 2+ f 


♦ 2 -JMj j^La(V') 

[ P 3- t [N 3 - Jjjlu] 4 [Au 3+ v* j] 4 [Al 3+ 4 [Fe 3+ III 


LgJj 4 A Cj^lC-lilSl fjk sJL^Ij]| Sjill (ill (ilLuiJ Cjljill (j_a A_C> j^a_a y&> X SLjjJlM illlf 

.Ifj j^ala jalSj 

: JiL£JI <LoL>i <Lij j Cik^txa ( ^ ) 

4 [CH 3 COO“ (^) ^M] 4 [N0 2 “ 4 [N0 3 “ 4 [OH” A^JJA}A] 

4 [A10 2 ” ^1 4 [HSO 4 ” 4 [HC0 3 ” 4 [Mn0 4 ” 4 ^ 1 -*^jj] 

[NH 4 + ?jAH 4 [C10 3 ” *bj&] 4 [SCN” ^UU-jjS] 4 [CNO” ^Uu,] 4 [CN” 

: JiL£JI <LJLLj <Ujj JAk^«xc( * ) 

4 [S 4 0 6 2 ” *1-1*3 c^Wj] 4 [S 2 0 3 2 ” 4 [ S0 3 2 ” ^jaS] 4 [S0 4 2 ” 

4 [C 2 0 4 2 ” ‘iVl—si] 4 [Cr0 4 2 ”^jjS] 4 [Cr 2 0 7 2 ”^JjS^U] 4 [C0 3 2 ^mJ>\ 

[Zn0 2 2 ” (*U*fljli) lAIHJ] 4 [Si0 3 2 ” ^ISLjI*-] 

: JiL&UI <Ll>yj Ajj j 
[BOa 3- ^'j^I 4 [P0 4 3 c^jk] 

ojA [lJLuJI ( 3^^] 4 ya (jjSjj ^gjLuuS y\ j t , ill 

jA j (jjuJIj (jjuJIj 4 A^a. Ullc. 4 . n^j j AjILuj AjjA Ac. j^>.a jl J>i3V 



•lie. j»l9j^l (Jjlii ^Iij 4 121c- jLul 2I 4^aa. t. ■ ii£j j (jduaa. (jAa.jjJuA jl Jjia ojj (jc. ojIjc. 

.AdLuufiJI 4 jIj£ 

: dilli^Uo 

.L_l£^a]l (_paAaJ! (joa-jj-llA dl]2 ^ i* .a l_i£^a!I 4_ll£j (dll) £2asJl ^ r -~ ( ^ ) 

-( j)^knAl -i_^J LS^ 2 " d* •^■m^l 4-ai S> -i_^J Aic-^Y^ 

^3 ^dajJ (J) ^_y± ^)j£l CllljSlSj Ig » .a .}^a.jJI 4jji]l Cillc- j.a-v.a\l 4 _Aj£ Aic-^Y^ 

^j.3 j^j-aj Z L-1j£j Vj l_Aj3lSj l. I in JJJ ji JJ jS J J)^aj]l L^-aLal 4. - iiS i dllj3l£a]l odlada i» " ( ^ ) 

_dul!i]l jillSa]l dlli j^aUaJI 

<_i^jj) ^JjjLlil JjAll 4 -lituail <3“iil 

jla Sjj ji Q^Az* jjajjJjA jlaV Sjj ji Ajji 

Oh& \ O jdisll jaiss 


jliuijS tiiiii i^)j£II (jduoa. t^jJ^jt^ill AlxuSjjdjA J 4_iilji]l dlliS^j-ai] 4_ul_l/u£2l 4 » u.*-»\l 4_ ii£i ♦ 

[ ^jjjj-a^l Clltll^jA 4 ^»jJjuAjj 2! i"ll W’ujj i^jJjLJI ClltlljjSi i^jAlUl AluiSI 4 ^jJ^jiic-UI 


TLSJI 



| juf* po, 3 - 


; . ' . ’’ 

Mg,(P0 4 ) 2 


ifl 4*4 %J4 K 1 1 ^XQ> 


6 H 


so 4 2 - 

j - w i i 

h,so 4 


^W6 + JSH 

i^Ci 

Na0%, \ 



^ S0 4 2 ' 


NH, 


2^ >< ?L 

(NH 4 ) 2 S0 4 


& Mn0 4 

1X1 



KMn0 4 


BaSO. 



diJLuQJLSJI clIdLojoJI (3) 


A + B > AB 

C + 0 2 C0 2 


: 2o <«>l <«>yi ILajh o A K CiV^Lall : Vgl 
: j-dLil jUjVI O^rlaj (^) 


J..+1C- ^a J..+1C- jLajl ( I ) 


2NO + 0 2 — > 2N0 2 

NH 3 + HC1 > NH 4 C1 

AB > A + B 

Li 2 C0 3 — ^-> Li 2 0 + C0 2 

2h o — Eiectncai^ 2H 2 T cathode + Q, T anode 

^ Ana vsis z ^ 


LjjS^j-a ^-a j^aic- ^Lajl 
L-iS^j-a ^-a L_lSj-a jlajl ( 

: (t) 

ojljaJlj ( t ) 

^b^]b J^JVI( U ) 


A + BC 


> AC + B 


: la*— JI J>uyi (V*) 




Zn + H 2 S0 4 
Zn + CuSO, - 


ZnS0 4 + H 2 


ZnSO/i + Cu 


AB + CD 


-> AD + CB 


-> NaCl + H,0 


(Ja -4 J..VlC- j!lL^j ^ f ) 

j.-Vic- Ja^ j--Vic- j!lLa,) ( ) 

: (i) 

( Jll*j ) Jelij ( f ) 

£tla £^a (jJaASk (Jc-lij (cJ ) 

^La ^La Jc-lij ( 

: <LjLyft AH <Lf jL*i! : LdG 

4jjLml<a ^bl^illj dAlc-liLall Jli£ ja\a (jj^J (jl IjV Cn-\ ^alLall) a-lL (jjjljS lg_j3 £-iijj 

: 2LJLJ! iLJLu&fSJI d)ViL*l! C)j • «— Ai 


NaOH + HC1 


2NaCl + H 2 S0 4 


-> Na 2 S0 4 + 2HC1 


NaCl + AgN0 3 > NaN0 3 + AgCl 


A1 + N- 


A AIN 0) 


Ca(OH), + HC1 


Na + H 2 0 



—> CaCl 2 + H 2 0 (V) 

» NaOH + H 2 (r) 

CaCl, + NH,> H 2 0 d) 



r NH 4 C1 + Ca(Q^) 2 —2-^ 

C 2 H 5 OI»^p. -> ^ 

^a0H>^(^0 4 ) 3 > Fe(OH) 3 + Na 2 SQ 4 (1) 


- * y 

Oj^ H 2 0 ( 0 ) 


T 


— * 


v 


■» k 2 co 3 + o 2 (V) 

: A^VI aLSL^iOl AJjLai : IIMj 

I /- 


ljUjjVI ^22 Ajjljaftll Cj^UlUI j ^ j^u <^121 ^ SjjUif 

lA jl g ji lie AaljjVl CiLSj-Jt dlil Jla Aaibjiill ljIjIokII (jlaxj ^A ji 

: aJjUlII 

_lUll*-a]l i^ya JS ^^3 AJLuJI Cl '1 WCill j-a-y-al bjLuus 4_ia.^a]l d ll W Call j.a’V.a p ) 

_ Jclilill i^ya A -yjl 21 j <l^Ul dlpill lie (_5 jLul) (Y) 

: 4_d^jVI "<y a</'i t <ULo) 

^bal! 1 j jjl£ 1 a £)bji JlLa ^bJl l^JLiji lie. AuIjjV) CjIiSjaII (j^au liiil p ) 


NaCl 


Water 


(s) 


* Na (aq) + C 1 (aq) 


lAjlg^ll laC AaIjjVI Cll_i£ (jl aau d£ij ( Y ) 

Siellllj olxoJt 0# JlUull Jfrlij (r) 

?.Laj ^jjljjk^a CIiIjj^jjS ^1-a ^jjljt^ill IxuiSjjIjA ^-a (jla-aik Jll*J lie- 

; ^jJ^-a^l 4jll*-a]lj Jelil]! llA (_j c- Lilli 


2NaOH (aq) + H 2 S0 4(aq) 


-> Na 2 S0 4(aq) + 2H 2 0 ( ^ 


; < _ s JLa LaS Cgjjl <illa-a ojjj-aa Jclilill llA (jc- ^-nxllll (jS-^ 



20H- aq)+ 2H+ aq) 


> 2H 2 0 (f) 

aJjLmj ^LlM Jx-LadJ! Jjx. j-x. 


HCl (aq) + NaOH (aq) 


-> NaCl (aq) + H 2 0 (€) 


4 . ijjjA «Lf jLjlaj <LJLl 1 ! GjM&LoUI j+c 

® NaCl (aq) + AgN0 3(aq) >NaN0 3(aq) +AgCl (s) 

®K 2 Cr0 4(aq) + 2AgN0 3(aq) > 2KN0 3(aq) + Ag 2 Cr0 4(s) 


^(s) + CuS0 4(aq) 


-* ZnS0 4(aq) + Cu (s) 


Jl jiiUlg 6=uii£>\JI 

: ji— sfcil jju. : Vg( 

l_i£ <jL£ >_i£ ^ Sji^l ji jJLu (AalLuill ji 4 JiLaj 

IaaALuu ji Ujjjj 

I l Y . Ami£UUI JJC- uLudk L jj«ui 

LaS o^)j^ d il ,& j/'-v 41 j ^ >.ol i»,U — 1_2 lc- — Ajoi£llSI .i-ic. tg i»k\ (_s^j Ja&a. (' 

.(Jj 3 (ja IgJc. l_fi 

1 ; t^Laj AjoiSliill o^c-la ,jc. AJd (T) 

... I — 2 1 = 15 * >a -a , Ji ( O) JLuiSb O 



.. | — 2 1 — 4jL£^s ^ (0) AjuiSI 

E3 = I H 2 Q 2 , Na 2 0 2 , kIo, ] ^jill a^LsVl ( t ) 
l+2| = (OF,) u^-SVl ^jjla ( ^) 


— (KO 2 ) f J-^ 3 ^ ( LJ ) 


l^c. 


-I- 1 1 = <jU£^a a (H) Ajuo£Ij Q 


0 = [ LiH , NaH , CaH 2 , ... ] ^Sil! jlill 


ZcrO = Jj-aliaJ! ^ j.a'N JjoiSIj 


Zero — (J 4 *lb! 4 gl'i-v-all i» \\ .lm£ui]| jl-ic-i p j <V\ ^ ) 

4 c- j<a-vo\l 1 g \.aVl 4 W>«\1 = 4 jji]l d-llc- j-a^-aW AmSlllI 



: 4*J$Iaa 4 Ai 

(H3PO4) dJbj^a— jV* ji>A> (jfl Jl— SG jju. — — >1 : ® Jli-o 

H 3 P 0 4 = (3x1) + x + (4x-2) = Zero x = 8-3= +5 : 

(Na2S 2 0 3 ) ^0 If jLmSU j jl< 

Na 2 S 2 0 3 = (2 x 1) + 2x + (3 x -2) = 2 

2x = 6- 2=4 X = 

: w— 1 : © Jlia 

^ero : J — >-K 

+2 







(K 2 Cr 2 0 7 ) i2iLajj£ t<^y> ^ x>«dlj jac 

K 2 Cr 2 0 7 = (2 x 1 ) + 2x + (7 x -2) = 2 

2 X = 14 - 2 = 12 => x = 

♦ 

kro 

+6 

: (3) Jllo 

: J *Jf 

(PO 4 ) U X <^l/f j SG jjx : (4) Jllo 

(PO^)=x + (4x-2)= -3 => x = 8-3=+5 : J-^Jr 




jty±w 


jt Ojj^V j' ( t j '-*^I aAas. 

jj £1 jt Ojj^V uj^I jS Sjilt jaa <uL»c. 

Lr k O^aJu jl AalLuJl A W dill Lr h SjLij 1 g j& ^lUj 

4 Wditi 

^ jl 4 K dill S jLjJ 1 g ifr ^uL 

4_ilLu2) 4 _ixul 1I 
♦ 


Jljli-lj oJ £! Jj-o CuL>JI ^.JlU) oJxLB 


jn/iifU dj-l* jlfl Jfrliii) JUuj Jjfl jaJ) LjjUialt jn/ifflU iuiSUUl 44& uLut& * 

^ (Jj 4_Jl_uJl 4 '-v .Tit I j ji lTiU j 

(JijSli) Clij-W ^^ic- Ja 4_ia_uj]l (_j^»aj j! 4JLuJr<iiiJ3l ^a SauJ ^Y) 


Jljii^l S-iuiSi l£j djAaj V i^C'ljj) Q*Ai J^bbVI Cj^pUj 


: !jL_> 4 4 Lb 4 £jjl» 


: ^lllfl Jf-Lolll ^o J£f JI^L>(^ oJL^I Jys CJJL> Lo ^jpu : (f) Jllo 

/ 6 2P + 5HC10 + 3H 2 0 — > 2H,P0 4 + 5HC1 

CJi f 


j^JLSJI : LjG 

HC10 » HC1 

1 + X ~2 = 0 1 + X - 0 


6 


[+T] — 5^°S-> □] 

Jl jlil) <UlLuJl 4 Wdlt (J& S abj 1.1^. 


r.. . 

: Vjl 


: J »Jf 


P 

i 

i 


h 3 po 4 


■+ (3) + X + (-8) = 0 


Oxidation 


+5 


Sj-uiSi) a_l^ jjil\ A WA\W ^ SjLj 


♦ ^JLJI Jx> 1 aI tl ^ llj ^4 J£J Jljl>lj ojLm^I ^4 OiX> U t (2^) Jllo 


Cr 2 0 7 2 “ + 3H 2 S + 8H H 


» 2Cr 3+ + 3S + 7HoO 


: J »Jf 


: : Ljlj 

1 ^ 

2 + X - 0 » 


h 2 s 


-2 


Oxidation 


s 

0 

@ 


(ljjjjSA] S 4-l^jaI| A Wdlt (jh i jLJ dia* 


: ^£11 : Vj) 


Cr 2 0 7 


2 X + (-14) = -2 


+6 


Reduction 


Cr 


3+ 


+3 


(^jjSLll Jl jjil) 4 j^ja 1| A Wdlt ^_yi (j*a!j <h±u 



r-n 
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Transition Elements 


ciiHnlilll jolinJI 




^C. l*£j (p) ^JiSI j..ol j C. j (§) 4ai]l j^alic. llujJl 

(jjjLA (jjj (JjJLiJI I.JLA ^^.3 ^ <aLi1a]! (J "\ *v'i ^^.3! VJUilij'iM J 'i» \1 4_*jjl^p (Jl -v-all I^A ^^3 JjLiiLuij — 

(■ Si.--il (j- 4 L 5^ 60 O'® _J-^> LS^" ^ ilVl-dl oi& (JaLjJ j t^jjTlslI 

* I a A ^Um>>j j <JI ^Lil&liVI j^Liil p - * * * 

Main transition elements J' 0 ) 

Inner transition elements <J^V' (^) 

- 4..u.ajJ^)]l AJliljVi 1»\1 -AuiIjAj ig 3j£ j l_Sjjujj 

»(d) fllAJI jdIIc »> ojuujljjJI nillni'illl jpIJLilII 

(d) lS $. 3ilLd l§-}3 £j\jl} jj^Uc. ; tAJjJUll 

I. I A ^ " i ' ' 

o j > «» . ! Lm n (d) jV ? I A j< tij ij lIiIc a j<uiC’ j|c 

«.31U £jLuj ns 2 , (n — l)d ! ^ jj^V' W-^j^ uj^j Lg_La JjV' j 'ajj :$: 

ns 2 , (n — 1) d 10 is^ JJ^V' J^' 6 >-3^*1 jjfLj JJ^S? 1 -i J-a»li (Jj C 5 ^>- (d) c^C- J*l' 

; Ajj^I Cl Jl r - jffl (j c. ajbic. (JjAiJI (jJ-a-J ^Jjj jL-uJ (j-a oAaC.^1 o^A j|C 

IIIB (3) , IVB (4) , VB (5) , VIB (6) , VIIB (7) , VIII (8) - (9) - (10) , IB (11) , IIB (12) 
^^—Aj al—AC . I Cj3Lj jg \c. (J>aj >«'i ^—Ull VIII ^ idol I 4_c. j-aa^dl j >^il ic. <■ 3 \'iVi ?]< 

A liS^M Ia j italic- (_3J J 4 _j1 j3j ^ Ve . . . . (B) l — d c - A jij (j—C- (10) , (9) , (8) 

(jjj AjUUiII 
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9 
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5 Q He 
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IDA IV A VA V 
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VB 
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Ta 
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Ce 
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90 

Th 


6 

VIB 

Cr 


O 

3Bf. I 

Mn 


o 

*6 

Fe 


o 


Co 


49 

Mo 

49 

Tc 

Ru 

w 

VJ9 - • 

Re 

T9 

Os 

r»— r-J»* 

109 

Sg_ 

1ST 

Bh 

998 

Hs 


?*—>**>• 

fs i 1 ^* 

99 

Pr 

99 

Nd 

r*-^***±i 

91 

Pm 

- mkr ’. 

Pa 

SB 

U 

r»— 

Np 


Mt 


Sm 

Pu 


0 '• 

1 III lilt 

Ni Cu Zn 

4T B 4S 

Pd Ag Cd 

* — *• r»— — *» lS 

IS I MBS SB 

Pt Au Hg 

us an m 

Ds Rg Uub 


Eu 

99 

Am 


Gd 

HrfWfcHs 


Cm Bk 

r*— ;j»S f» -» ;♦ > 


B C 

Cty—tfi 

Al^ Si 

ai as 

Ga Ge 

■ 49 | 99 

In Sn 

r—-*±l — 

T1 Pb^ 

Uut Uu ( l 

_J 

■ 99 I 9V | 

Dy Ho 

r * — 4 *» 

99 ** 99 

Cf Es 

f » . i . i . * . - . ; i 


P 

j, — 

■ ss^k 

As 

Sb 

99 

Bi 

ns 

UuP 

— J 

Er 

r«dj 

»99p, 

Fm 




Se 
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( iLJlnjuUI joLLnjr ] 





( Jglll vjUJI JJ 


: (j/b iSLSif J~jSIU gj Jl 2L—-5 yi ILllSsiVf ^...-23 


^ijji 

Fourth transition series 

&&I ALuiyJI 

Third transition series 

AJl^l AdfiuVI AULdl 

Second transition series 

^jn AudiZuvi auuji 

First transition series 

^Ljjj L^jlSI AAjdl sA\jJ)J 
<_£ jli uball c-hlli al 1 £j3 

(6d) cs^jal' 

^Ljjj l^jIS! AAjdl oA\jJ)J 
uudl a-^lj al 1 g_i3 

(5d) j*li 

£_j1_jjj l^jAJI AAjdl oALjJjj 

jA uudt al 1 g_l3 

(4d) ^ jil* 

^ J 1 ■■ 1, 1 a \ \ "'£1^ 

(3d) ^ jii 

AjuLudl ajjAll ££U 

AauijLudl aj jA]I ^ 

A * tial vll ojjaII ^aIi 

A*jI jll S jjaII 

uV» C5^ (d 

l«ljj ^)_j^aljc. 0®joiC. (J-ojolJ 

Iajj 0®-joiC. (J-o-jolI 

« t til \ t 

^jj^aLk^ 0 ^) joiC. 

cs-f^j 57 La(6s 2 ,5d 1 ) 

39 Y(5s 2 ,4d 1 ) 

cs-^j 2iSc(4s 2 ,3d 1 ) 

8oHg(6s 2 ,5d 10 ) 

4s Cd(5s 2 ,4d 10 ) 

30 Zn(4s 2 ,3d 10 ) 


First transition series i^lglll djJIdUlJI nlmlmll 

i _ g Ac- <LuiluJ! oAA (JaLujjj 2qCB J-.Vic- A*j tAjuljll ajjAll 4 JLuiLu 21 ^jLualic. ^£1 

: tj^aUc l • 



3B 

4B 

5B 

6B 

7B 

8 

IB 

2B 

j-xaLdl 




Vjj^ 


AjAs. 

l " \\ 


(_>uUj 



2 iSc 


22 Ti 

23 v 


2 5Mn 

2 6pC 


2 hN"i 

^tu _ 

c 

N 

0 

cn 

■/ jii^U 

^0026 


0.66 

>0.02 

0.014 

1 

6.3 

0.003 

0.0089 

0.0068 

0.0078 

(ji ^C-jj 4 ) o^-tasll 4 jtlaltVI 4. 

Lt.uh.2l j-j-ualluJ ■hj_jhail 4_j_uul 

^LaJI (J _j. W\1 


c 


: bJglll 


in ajjinuui d 


: C5^j ^ C5^' J 


J| n iiiiimll j rtliol d-JDloXdlll d-imbUI 

(21 Sc) (I) 


.4 ojjuiall £jujIj JjUaj ( _ S J& 4£.J )j<a Ia^. o j t» .,0 Cl ll A^.jJ 

: |»lJL&uuVI 

? . . . AJjI&aII ^aaII CA1 jjUs & liua ^ ^JlaJLuu ® 

.LgihL-a oAClj Ig’iq-vj jllLali 4Sj ±u> (jjSlii ^jjia_jWI ^1 4_La 4lnCb 4_ijuij 4ihCal Aic. (jV 

V . . . JjU) fUii! jiHll jjj^alSl ^Vi,un ^,jjl .na A^tiua ^Aaouu (® 

^Ailll a^Ca 4 _il1j S*ls£J! ^llc. s-jda ^Ljjj Jjjjjll o^ALjI ..-aa 4AisLCal Aic- (jV 


( 22 Ti) W) 







.t-jL-all (j-a A-SlaS <JSi (® Steel *•. 'h*»i\l£ AjhLaall AjACu j>«Vi c. (®) 

: fdJLftlwVI 

A£.lL«a ^ f eH» V-i-J f>*h^Vlj diU_*»u ^Aaa_uu (T) 

<? cJAS- . . .AjiUaiil diLdj^il j CjljjUall 

4_}3 ^ j>»q-v'n (_£AJ1 C1 j3_j]I ^ 4jiijjL2l ajl^pdl d ll •s jA <jjllLa ^glc- lati *v 1 4j^ 

- ^jjiaj]'l/l 4jllia 


pM 44 vU 


r-n 



9 . . . dcLLall 4&ljj dblafr (ji ^AaLLuu ®) 

ill ^ y$ ^*^3 l 5 ^ <■ LUjjJ 4_laslj V ^uaJI Cj^ 

: 4jLSja j^w 

? g ^a . . . (jjiAuul 4ju*ii ^j-a AjLa^JI dljJaau«u» ljjSjj ^ JaAj : (Ti0 2 ) 4 ^' cr^ 

4 )-v>«q'n\l (_ 3 _jS 4jdVl (Jjj^aj ^ia (_ 5 -ic- 4jjjlill 4iulib 1 " ua. 

( 23 V) <.*.^1111 (n 

&( : fklJLftlwVI 

9 gjj^, . . . dl jdall dlSjbj Af-LLd J* ^iiLLuu 

< — j ' a jJlSj dJd SjLuikj Jjdii 4 < sjum (jj^jj dbail 4_La 4 \j u>» 4_id 4ildaj .lie. <jV 
1 (_J£liii! 4-ajlia 

fe : djLSja j 4 wI 

.. flkluUJ : (V 2 O 5 ) AujoSI <ja-»ld 

4ili dll >i.n)-»l idll 4e-lda jld JaljtSi (2^ bdal^LuJI d-lda ^ ^u-Vs (J) 

( 24 Cr) fSjUl (i) 

9 . . . djaJl Jal jxlt Jx 2 ^jIjSj 4j£j <1 j JaLwull £ja did d j .2 j^dfr 

\l dl^p ~ y - n. ^a (jjdiLail lud'iM dli)J>^. -n. ^jjSjj 4-aJajai ^gic. (ja UJ^ *•. '■ Ul ' 1 . 

(_^iajaiSS £-a Jc-lij jl^aidl ^dl ludVl 4 ad dadi^ jjc. d b ■ .. ^Jasj La-a 4 >«qi 

^ I | ) 4.jj .< ji~lU5Q=(T) 

N I 1 : 4jLS> 4 jfui 

.g-UuaVl cU ^ f ddu : (Cr 2 0 3 ) III ^ ® 
: (K 2 Cr 2 0 7 ) ^ @ 

( 25 Mn)j*i*af (o) 

: ^iJLa L uVI 

9 gJJ^g, . . . d&lil did. jA j ^likidu Vj dldja ji tilidui Sjj^a LajIj JjV> tall ^IxLuu ®) 

.4 iq i\l 4li]L^. ^3 a-lj— dil 4dul * 1 ^ i 

.L_ddSl ^ a_idai . . . AjddJl diiuiil Ja^jisd dllua JjWdH j-a JbdJl tilidui ^daJLuu (® 

? cUs- ■ • • Drinks Cans dbjjAAlt dtjjfi. d.lda ^ j jKdH ^ jlVt diUai ^Aaadi (3) 

l^lLajlLai 

: 4jUS>a j^ui 

,i— sdJI ^^aaJI dlda i Judj-a <J-ala£ ^ddaJ ; (MnOl) JjWdH .XUrtSt (® 

. 6 oX*d>a 'dLd ; (KMn 04 ) dliaaajj ( 2 j 

.dbjiaiii Aifd jadJdj : (MnS 04 ) II (3) 

( 26 Fe)JL.jdJf (1) 


4i-lj^ (^ 2 ) 


: fklJLfedVI 

^p-Ll^^dil d-ldaa (^2) _dkluiAll dULuj^jdi! d-lda (J) 

_^3ljLa]!j jJjuilj-a d-lda (J) d-lda (^) 

4d^)iaJ jjl_uli]l d-lda jld. (_]<aljt£ (^) .daa*.! t — ■ d-lda ^5^ 

— j kl\ (_JjLui Xixdi (_Jj! j il (ja Jadd^^Lail jlii! Jj^di ^ (® 






( 27 Co) CAuZti (V) 


V . . . JbAxIl AjJjj diLjiJl (jf) 

i 4jjA^JI CjIjUuiII <sla>J! CllLijUaJ! j C \\ >i.n)-»l j* .all <c.l u.o ^k LaCaCLudj 3->i».a111 La&!ll£ (j! 

50 CllLjSlI l^-a&i latjau> Ijjlaj jdc. blil CllLj£iI ( 2 ) 

: fklJLftlwVI 

: <J> 60 baLj^l J^a j p \¥uu\ 

? ^SS> . . . 4 »Isdl ( 3 ) .bilabial sJja. (j - 9 iSUJt ( 2 ) /Luliill Jl jaII laii. CjULafr (J) 

; ^llilbj iliill ^^ic- 4_Jlc. ojCSJ 4_La ojCL-aJI LaLa. 4jt2ii jllLaj ^buill 50 ClAjjSJI (jV 

_4_ijlciJI jlj-aJI )\k ~\ ) (J) 

.ClOL-ajll ^LsJj JjjLuJ! ^iilj^s U P *• <* >5] C n~\ Cl ll Vn<all oC^a. (^-a Chilli 4 i^.a j ( 2 ) 

41m^JI ^I^jSM (jc- (■ <>>511 4jjCal (^ 3 ) 

( 28 Ni)J**ifl (A) 

.tjabdl oClc.'l/ <Lllll ^ajj-adS — JVill diLijlJflU <c.l 1 (J) 
i (jCaLa^Vl 4-ajlLaj IjU-siI! 4-ajliaj 4j!iLu£i]lj Jja-ali) ( _glill 1 . lL.^11 ^-a (JfLOl liljbui <c.l u-o (2^) 

? cJAfi. . . . O' J^Vi J Qj'VonH Cjlila ^ ^,^Vu*n j j£ull djlfui <frllua (3) 

Ajiuoix ^_gA j JSlli] 

A(* 1 I ^ a/* ^ c)te (?) 




' cJJ®- . . . ^ (j* CH*MI “ ‘ V V; 

.(JjCaai blSd lg_iia*jj (JSilllj a.l>.u£V ' (j-a ' £ J 1 4jV 


( 5 ) 

y(Jc.laj]l A£.^u> clcJyS (Jc-liliil Qja^)xj>l\ . .< ^ (j*a AjJjjj JaiuajSSI 4llJa (_j-a (JILi jlia. JJx. 4_iV 

( 29 Cu) ^Uiif (M 

jLuuV' 4ijc. J)la (Jjl — Liijjlj — (JjjLsJJI j21*j 

jjAi-aia]lj (jjjl ~v ill 4^in« <c.l 1 -.-~i (J) 
r \ ,'j^" \'^ J^a j-a 4jV ? ^\a . . . 4 j *' dj^LLSJl A^Llua (^) 

_4_ijCa-a]l Cl)!lLa*J! Ac-lL-aa ^3) 

: 4 jUSj^ j^ui 

_L_jjCa]! oU-a 4 ja Vi C'lljUc. dllajJail] CafaSj <_£ jCCa^ CjfoS ^-laCLaJ ; (C11SO4) II (T) 

•cs^ J4^' Ujii' C5^l UJ^' jjSjiiJ! jSoj (j& v -iCl£] l ^k ; (g) 

(30Z11) (V) 

: ^iJLa L oV) 

icj^all ^ l^jjLaaJ <? gjij, . . . CjI jliit ^Ib 4 iaU ^ jLiJl CjLalJliLLuil ^lax a J£jjj 

: 4 jUSj^ j^ui 

^ J].a>MI CjljjCaasCLuba — }-il — CllUlAC]! ^ ; 4£.lL_a ^ k J ^.Cj ; ZllO J— XuaSt (J) 

( 4 11 null 4.». > «S/ 1 Cl ll t!l\ >« — 4 ‘1 u>».a\' CllU^iLLJ! ^ ; 4^.1 u.o ^^3 ^CaCLuU j / 11 S cjj^jbbl lilijjSk (^) 







6 


: i^Jgill aiJIoillll at— lull jntiol 3iiiSiXJI ullbg i^jgjI^JlII «julSjXJI 


4 ] 4 MI^ aII ctf L*, ^jIULuVI aLAJI 


uLSjX' jdJU 

Sc 2 0 3 _ 

TiO , Ti 2 0 3 , Ti0 2 
VO , V 2 0 3 , vo 2 , V 2 0 5 ~ 
CrO , Cr 2 0 3 , Cr0 3 
MnO , Mn 2 0 3 , Mn0 2 , - 

K 2 MnQ 4 , KMnQ 4 2 

FeO , Fe 2 Q 3 

CoCl 2 , CoCl 3 , [CoF 6 ] 2 ‘ 
NiO , Ni 2 Q 3 , NiQ 2 

Cu 2 0 , CuO 

ZnO 

( Finn g \Ud\U UgnaJI) 


_ AjuLkia]! UAjo£Ij CIjVI-^^5 


AajIuJIj JLuSlxIl uVb’ 

I^U 

^j^yiuASjui 


w 

( 3 ) 

[ a kc],4s 2 M‘ 

IIIB 

2 iSc 

2 , 3 , ( 4 ) 

[ 18 Ar],@,34 2 

IVB 

22 Ti 

2 , 3 , 4 , (5) 

[, 8 Ar],@,34 J 

VB 

23 V 

2 , (3) , 6 

[.sAr],^'^ 

VIB 

24 Cr 

2, 3, ©,6.7 

[ 18 Ar ],4s 2 ,3d S 

VIIB 

25M11 

2,® 

[ 18 Ar ],4 s 2 ,3/ 


26Fe 

©,3,4 

[ 18 At],* 2 ,3/ 

VIII 

27 C 0 

@,3,4 

[ 18 At],4/,3/ 


28 Ni 

1 ,@ 

[,„Ar I4s\3d m 

IB 

29 CU 

© 

[ 18 Ar ],4s 2 ,3d‘" 

IIB 

30 Z 11 


Cr gjj — S 


Zn 


: ^,-Lj I_a 40 ia_> M-ij 

^ jjjl^lVI 4 — ijSjjj j 1 J-J Uflj * j 4 *j1 jfl SjjA_ll ( _g_a ^ SjVl 4 lUSjjVI A c. ja-^a]I j i-nl. ic. £_&j (4 

A <jjjl£lb (A/j L-c- ja2' a^oi^lS! tki'^yjjjVl bji.1 2 oCaj 3 P^jy 

jLiiijji cs- 3 pljjj) liSli ^IjIj j=A ( 3 u) jjWull HM 4b. £j!jj 3 L (JS-IajjjI (Jj 

.(LjA O^C-li) (3d 10 ) J) cA 3 - 

^jVl AJliuVI AIaoLJI <Jab o& 29CU cH^'j ‘24Cr C> (^) 

V l J l 

( 29 Cu) O- 1 ^' ( 2 4Cr) 

(_g jl . AM .Allj ^\! aa i. b . © (4s 2 ) cs^- (_g jluiA ]l (jV 1 — a — A^ai (4s 1 ,3d 5 ) id — -f- u'aj^ uu ^' uV 

(J_s! OjVll (J » •> j l_-AA A^^ILa^M ^Lj (3d 10 ) (j-H jlLj ^ J ^1 0 jS SI (J 1 AA (jj Ml A A 

1 jl jiLui! jiiSI ^ySllSbj AlUa Ijl jSU jSiSI 


^jjlSS^I 1 i_i£jlS! c")l ill .*i i**>jSI (_JaI*-S! jA (jajS ( _ 5 c-^)iJI (_g j~uma.11 ^^.©11 jl (_JaI£LSI aI^La^I „ 


? cJte ■ ■ ■ [ 25 M 11 , 26 Fe] (II) j ©>bl l Oj^' big (II) 4^1 Oj/' Jf“y 

; jA jj^IaII ojil ^gjjjlSJVI c_jZj!ill ; jA .Aj-laJI ojil ^gjjjlSJ^I l_jjS,j11I 

25 Mn : [ 18 Ar \,4s 2 ,3d 5 26 Fe : [ l8 Ar],As 2 ,3/ 

,2+.r 5 M„3+,rA„i oj6 T7^3+.rA..i u5 


Mn 2+ :[Ar ],3d 


Mn J+ :[Ar],Ji/- 


L_lx j-a J 

tztzvT 


Fe z+ :[Ar ],3d° ( Fe J+ :[Ar \3d~ 

111 I t t t t ^ t f t t t 

M 1 1 1 OJUM £^l I 1 I 1 I 1 I 


(if H a a lAuAJ ) t jl jSjamI jj£I I jl jiiuil Jai ] jt jSjamI jSi (if H a a • ] jl jSjamI jj£I 

IjIjSIaI (JsVl l_u£jj 1I jjj^l sL^jI ^ Saam^VI V IjIjiLul jliSSfl t _ 1 j£ jlll jjj£j sLajI ^ SAmuSSM 


z!31i>T^s^ 











V 1 AC La (+ 2 ) J*a£U 1| 4-lL^ ^Ji\ AuHSHVI ^lutiuJl gJaju (f ) 

Aaa£Ij 4_ILi. g_3 jj_3 gj) -LijaaJ Ale. ^jjAllfLuill (j£lj (4 s) <gC jill (_gjlm*a]l j)A jjAljjjSil) <- llmj 

.1 jl jaU j Lib!) j!&i j (3d°) (+3) 

(3<i) ^gCjill (_g jIulaSI (j-a CjLjjjS]! Aaaj gAcVl A*jj£lll! Climbs*. gi -y- 
J) iWIaII j g_3 LgJ 4 _aj 3 g gJI (Jaajj (_s-^ (Sc 3+ ) ^ajjAllSjuJI j.^ic- (jA Axu£Lill dlVLi. AlAjj (t) 
cs-3 (+2) 4JL*. gJI J^ai LS 1^. lilli a*j ( js*°i \ Til l gi Iajj ^i (7B) as. j a > a \ I gi ^aJI (Mn 7+ ) 

ji^a'ic. AjuiSL AAc. gic.i (j' ^*Aajj tilli j)Aj (2B) ja> a\I gi £iL) (_£a 1I (blijll) jlj*-* 3 jLkll ja^uc. 
v (JjAaaII) g&j [AXaJtll till jlfi] (IB) 4c. jAy a\1 ^jaasLIc. Iac- La L^aII g A~i 1 j g!i]l 4c ja\ a\I ^»5j (_gA»'li V 

(uAAj! i A^aSill 

Lollc gbll A fi aal) cLljlill (jh SjAUall sAA Ja^Lb V LaLj Ua*a£L LjVIa AAjlL 4_2UliVl jAflUxll Jjajj (0) 

? gJAS- . . . SAawIj Aui£Ij Aila. IgJ <jj£j La 

(4s) (g-C^ill (_gj'l >ma\I (j-a 4_iSliHVi ^jA^aliaJ! A-ui£Ij A_ic ojAJI j)-A pAj.'^aII tllLl j I j)^ 

.^-jLiill) (3d) ^LlaJI gi 4_La L-Ujall gC^)i!ll (_g jIulaII 
jyU A j g y (j_A j)j jjj LaS ^_iAalj ^jAAi) aIaJjj glLajiV I j-laJI ojiJ 4 _jJLi1a]! (jjbill dlUslla (jl A y Ij -y- 

_4_j]LiiAll oAauSIaII CiA/Li. gi (Jja / j\j8\b ojALa ^jjAilall 

v 648 V + 1364 > V 2+ 2858 V 3+ " 4643 V 4+ 6523 V 5+ 

(4s 2 , 3d 3 ) kJ/mol (4s 2 , 3d 3 ) kJ/mol (3d 3 ) kJ/mol (3d 3 ) kJ/mol (3d 3 ) kJ/mol (3d 3 ) 

^jlall (jjUll A^a, gi Sibjll jji Aa_l3 ^jolajlVlj ^jAuufrLall j ^jjAjaaII Jla Mfiaall lj! jlill Lai 

? gJAfi' ... W S JJjS ^jjlajlVl ggi Jjtjitj j»JA«uC.Ull 4AU ^ dilQlIj 4JU ^ 

Ja-Ka 4iUa (j jluiA ‘ ■ I ■'*■ k AjV 

L^ltll JLa^ ^UUWdV J Mg 3+ ji Na 2+ U J_^| 


(4s 2 ,3d 3 ) 




A1 57 

2s 2 ,2p 6 ,3^,3p 1 kJ/n 
jji jjVl I Saj IaALui^I! 


J/moT 2s 2 ,2p 6 ,3s 2 kJ/mol ' 2s 2 ,2p 6 ,3s I kJ/mol' 2&,2p Id/mol ' 2s 2 ,2p 5 
oiSb dlVLs^j ' i 'f'J ' J Lrb?*^ 5_21 aH'^I <La1uJI jaasLIsJ 1 uAal j.»lLuil Asu (3) 

; ^gJL LaS ^alc AblailVI jn-iLixli i— ij^xj (Jj^l 


1811 t 
kJ/mol 


^ 2 ^ 6 o 1 

Is ,2p ,3s 


2745 | 
kJ/mol 


11540, 

kJ/mol 


2 s 2 , 2 mm 


; LaS ^alc AblailVI i— Lj*j (Jj^I 

: ^JISIAVI j<a i*lf 

^ ?.|j-uj f.^LLaVl A lb a a j_j£ 1 g 15 Ij CjLjjjjSJVL 4jja_uLa (j) t (^/) lIiVLujjjVI 5_i 3 jj£j ^ ill jAaiall 

JUaSUII CjVL^ (jA 4jl^ (ji ^ ji Aj jill AlLkJl 

: ¥— i>^ 

[( 79 Au) ‘ ( 4 7 Ag) AJaill t ( 29 Cu) lh^'] (j*3 Coinage metals Al»*ll cjljla jjj*j Ja (^) 

: jA A_ia.jLxll LfjVLLjjjV gyjjjoSiyi 4 ^jA 11 jjL Ulc. AallSall j«allc. 

[ 79 Au: (6^,5^°)] - [ 47 Ag: (5s J ,4rf J0 )] - [ 29 Cu: (4^,3^°)] 


Aai£L 1SI jgi (jSJ 4 jja1I <1LsJI ^gi (d 333 ) ‘^IiLjjjSIVL ^\'1aa Aii!iLlll lAlilJ^lill (^/) (_g j1.ia.uaII jji ^ aJali j 

.< 21111 ) j^li& ^ jil (d 8 ) ji (d 9 ) is&A* (d) jal' eg jLaaII jji AaJ (+ 3 ) jl (+ 2 ) 

uW 22c. AalUfcul jAtfllc Jaljllj ^jjaAISIIj jja^ajlaJl tLljlS jjj*j J& (T) 

UHg: (6s 2 ,5rf M )] - UsCd: (5sV</ M )] - UZn: (-ls\3d"’>] : > 


dLy jg^ ji <jj 2I dL2l jg.3 p.lj_uj (d^) tiiiLljjj^l^lj ^giiAA bil2>L!iil tiilj^lill (d) (_g jA>aa]I jji ^ . >>*< j 

(g-Sj <jJ>lall ^JLaJI g_3 (^/) g_c. ^)ill (_gj'i >«a\I 4 M'Iaa jij^j LgjV Ajllalill dilj^lill oi& ^ ±1*2 V 12 (+2) AjaSIaII 

_<1iL1a 1I ^JLiJI 





: |,lgill QjJInXjlll qJLiuJLiiiII jniioi djoLaJI iplgill 

tj«Vi\ 1 g i.a ^ jjdll (j 5.a i ^_j]lj A-C. oAA j t^-il i» \ 4 -y\l dULnll (j>»» J JjA^JII ^dajj 

; ( _ ? L Laj3 o j& Lgj jj.aYi ^^lill 4-al*JI 


C jUlAJI A^-jJ 

°C jlfdjVI A^jJ 

g/cnr Afll&i 

A Sj jji ji&£ wid 

AJjJJI AbSUl 

3-«>n 

3900 

1397 

3.10 

1.44 

45.0 

2 lSc 

3130 

1680 

4.42 

1.32 

47.9 

22 Ti 

3530 

1710 

6.07 

1.22 

51.0 

23 V 

2480 

1890 

7.19 

1.17 

52.0 

2 jCr 

2087 

1247 

7.21 

1.17 

54.9 

25 Mn 

2800 

1528 

7.87 

1.16 

55.9 

2 6Fe 

3520 

1490 

8.70 

1.16 

58.9 

2 ?Co 

2800 

1492 

8.90 

1.15 

58.7 

2 gNi 

2582 

1083 

8.92 

1.17 

63.5 

29C11 


^ jj ' a N ■ ■ 
^j jjljjj 

jAili 

fJJ — ^ 


d Lj£ 


(hla ftMbMJ J^JLeJ!) 


?c JAfi- 


L^e^iljVl 


-.11 S 5 


^V 8 ' 


: KjjjJI KJUlSJI (' ) 

jLuIl jlSj (jt A*ijj ^ jilt A-iadl aJLjj ^ujJolb Ajjill AJj£]| Abjj 

58. 7ll Jauajiall (JfLlilS o^ajjaua _jjUa3 ■kxAASt A j2kj L . 

1 ^ : ^JaiJI duoi (7) 


AjjLil.mll 


4Jl*ill el j_JI 4 W >« jbjgi ijfij-v (_£jj]l AA*JI ejbJ)j ejill _jlaa v. q.d (j^SJ ^jic- (Joax^ (47) 

olj_Jl l_iA ^ jb j_j3 (jjjl dill (_5— I] > jjA315_iuJI (j— « ojdll dll 3 jjj 5I| JA-C. jb_}_i bl]jl_5j j . d lx II g,\ g \ 

/ojjll ^>2a3 <■ (j^ab (Jm*Jj dbjjj5]5U 

3d (_gj'i m-all dl_3jjj£J) A-lc- Ajljj j& j o jUI ^jla3 a bdi &Jbj cs-^ - ii-4*-! * ^ «IA H J^eljLH (^) 

3g d jaliill (_5 j 3 Abjj9 
? cJA^ . . . 4l.il.w till ^LUI (jf£ j^LjlSI e AA ^hVutil 
. jouabaJI oA& jllasi i iLadi ^^3 ^ n« ill a" ll nil ]•»**> 5l3 (jjjui5lx3Ldl (jjbl » II (jjjl& 4 •% i‘i i 

: fulfill OJUObJI (T) 

; bu2 tillj AlmiuJl eAA ya Lift yu ^jJajj 4j jlill A j^l-yll j$Jaj 

ojl j )^AI (jjjJlj (jl*-aUlj jliid 4jL_a dlj)k I g »J-a> (J) 

? cJAff. . . . Aaidj^a Oblc.j jlf-ajl ^jUjJ If] ( 2 ) 

.Jajljjll IjlA 3d 4 4s dLij^jSII lilljlijl (j^daJJ (_ 5 ^llj dljill ( jjj (J jill Jajljlll iil]j (_Sj>*Jj 

<? ^jAS' . . . JjA]) AAxll S JL jj Aluiludl jjft Allii£]) JlJjjj AjJIc. AiliiS Cil j dl j]fl I g a (3) 

^j.3 4 1-N^j.iill 'dl_ij>ll ^j-9 (_5-dl J-aUJli dUi ^jJc- j dulj o^J (_5jli]l ^>^11 (jV 

_4jjill 4 1'i^ll ’dljJ) 4ili&ll 

^gjl J-aj5ll AJlali^l jA^UaJI dlj)i3 iaLuij ^ (jjld tilliA (J) 

-( j4 ~v ill J>i3 ; (Jib ; Jal 4i ill a ^ 

r I II 4 . >■ .1 V. i_u^aj ^jlll .1 V W II • JiLa ; jal 4i ill 111 uyLA 

Judo }ol Alj a-Lall Jjj-v. * j .1;^ ^jlll jJ.A3l5n.ill ; JlLa • jal I II ill j^**i 


>4- 


I III Vi II ±lc- IjjjS jJd V A_jjj]| jUalVl i-flLuaji 

? gJAfii . . . (j^laall ^1 ^ ijj£]| jLa ( ai^il 11 III dbj]| 

^1 ^3 jfjj 

I ’dlujj 0 jill jlaB a Lai Q^aH t (T) 


aIa j_j3 (jjol -sill ^j—ll j»jJ- 






:hjuubUcoll oolpkll (0 

(_j-a 4 gl'i-v-a lj_ji lA\ \bij t4 JlfljjVI j >.sA jat \\ pLlxuSJi 1 i<ag 4 ^g3 ~j\ \AW 4 n«i)-il jxJI 4_xjilj.d (_jl£ 

j jx 11 i"il A ja a. ■la*-aj 4 ) >m i3-i\ ia-abUlj 4_i-uulalii-al JJ! l-a& (_jl_C-^j Lg-La ^_y a^)xlmj 4 ~l».all 

.4 jl^xs 4 ill si 1*^1 

4 _uabllMLjlJJI IL^uudal^MljLJ! 4 _jjldtl 


^LdUiobllMlJIkill IL^uudal^MljLJ! 

dlLijjjSWl cs-^ <_gi Lxijj 4 ~s ji dllj.3 1! jS idl ijJ^I (_g 3 J JaJ 4j 

j] 4JL5. ^ (d) l_§j^llijjjS £_$a 3» ^-3 (d) ^VL_ njjji 1 — g-ji (jj-Sj ^_i]l dil_jjj>=JI 

(_5 jLul) ^g. jguJal I k JI 1^-aJjC- (j^SjS ^ ^ (^ ) o.ijLa dlUjjJ^] l g 1» dl 

4 ^ 11 1 ^g. mjJaljjLxdl (Jl ^<11 £-a jSLiij ^gjl ejUl ( _ 5 _jauialii-d! (Jl_a-a]l j.,-y j L- t.Y.-y Vi < __ s ld\ <dl dl 

^g-3 ^lj-3j) 4_Il^. ^g-3 ^ jxa-N dj^ldlljjl ^g.3 o-i^jLa d)Lijjj£]l 4 -Nj'ii 

J ' (3d) ' (3d) 

P^J'O) 4Jl^k ^g.3 L^jUjjjS]] <3^3 (_ 5 jLuu dil ijjjSLWl -i.de. l_j uLi. 5 ; 1 <jj-^ ^jlj— . y 

^g-3 (j^L-aaj (jjjjjdSJI J_^ ^gJldlLij 13 ^ .mdal i» -all t_ i,w\l ej 3 uJ 1*1*1 diia. o-ijid^ 

_(jjj^lda!La ^jjA\ 3' J J-C. (_j-C- 1 x«n3 d-ij_idl dlldjjJ^'^l -idc- £_xs 

^ xxn)d lit xa Jla-a ojji»-a J^a. -ijldl qjj££S^\ 

( _gjauialji-a]l Jl -vdl £-a i—ljlLdL 


<UyalicJI 


h\ i! 


(^uubL&l 


n Zn:[Ar ]4t?,3d 


26 Fe:[Ar \4t?,3d 6 
3d 6 \\\\\ | tlfTt]^ 
4 = ^1 


Zero = f >3 4 = 

sJjJLdt dUjjaUVl JA£. Aj-Uj SjLxdJ U jjASj ji 14-uAjjj Jjjjla 0^ 0^ <^zlL ^ ^_)jdl 

. jlill OJJV <>J 

♦♦ * 

5 ^LjS Ax A<hl Lx 3 : ^ 


: J j 4 1 ' ' ' ' 1 ?^ 

? 4 jxxij^al ffl al jL L^jjj 4 j , ,'jUl U a! J i Aa]U]| xilj^l 


Fe (3d 6 ) (II) djjis t Cu (3d 9 ) (II) u-^1 Oj^i * Zn (3d 10 ) O^j^t Sjj 


4 jx xij^il ]i oil 4 jx^l-yll aJjixdl dlj j jj£i v il 44& d <jjjVl ji Sjlll 


4 ua l)ol i» xaLlJ 


4 nui3->\ i» -al^)lj 
4 nui}-»l i» . aljj 


Zero 


:Jj— 

; ^ x xij^l \i all 3_a jC- t„„,tx.*v'3k LxJC-ddj 4 jjV 1 dl_i£>^l dUjjjlS ujJ 

FeCl 3 , CU 2 CI 2 , Cr 2 0 3 , Ti02 
[Fe=26 , Cu=29 , Cr=24 , Ti=22] 








( iLJlnjuUI joLLnjr ] 





6 LX 6 


( Jgill m4JI J 


jaa. JJjc. AjlliuVI till jlaJI j±i*j : Cataytic activity g)oaJI Jbl£dJI (®) 

J JUtaf 

_dljj jll CliLiLttC. ^Vin.n \ J< - 1 n (J) 

4iij^ jidull jlc- j u^iVi ^ ^Vn«j : |y»m jujbJI (5) 

XT , qxj 500 C/600 atm o\nj 

^2(8) + 3H 2(g) r > 2NH 3(g) 

J (V 2 0 5 ) ju— © 

(jia aa. jj ^ 3 Jjl ia. J «l*A ul) 


3 

1 


A 





) 





jl_ia A»lfr 




JajJuill 4 AUs ' 

k 





2H,0 2 X 7 

\\ > 

Jl J-alt 

r 


t \X 



AH J&liHi ^ . 

r X 

2H 2 0 + 0 2 





— > 


S 0 2 ( g) + o 2(g) 


Aajjiaj 

— V2 ° 5 -> 2 S 0 3f n 

450° C 3(g) 


^^3(g) + 


H 2 S04(a q ) 


: (Mn0 2 ) ^SIj © 

(jj— 3 (J^—aul (J— C-lij ^g_3 jl (J— -alx£ 

2 H 2 0 2(() Mi '° 2 > 2 H 2 O w + 0 2(g) 

6 ^<^V 


H 2 0 2 J 5 L*jl J-filiJ ^L«- Mn 0 2 jJ\ 

L g, . . . jiai <J-al JiS ^jVl AjJlili V I I jii S AoaA 

^Jajoi Cllljjj 4.1c. 1 q~i.a\l diliijjad! Jajljj (jjjSj ^^3 4s , 3^^“ J ^,J,J-^ 



(j-a (J-isj 1—a^ 4jc.lildl CllLijJjaJI ^g.3 ■ 

"6 J 


CjU 



1. <ll * >>i| JjSLaJI rcluai ^^Ic. ClL^C-liLdl s4A ^gJI 

1! <c. ^jjoj ^^3 4c.Lulij JaAiimil 43Ua 

: Coloured ions 

4 iHViiVI \x II 

; 4 jJlfljjVI 4luUI CjI jlflJ 4j 


/ ^ : VU1UUICU lUllb 1V9I0 JI CiUjjJJI 0) 

IjZ >11 ^..>^ijJ j 4_j^La 4_ijLaJI I g lilla^aj 4 iHViiVI 1» \1 Cll i^ j^a -> la» .a 


U 5 -UI 

j$jVl J? ( 3 d) ulj^SUI id£ 

ui-Ul 

j^jjn ^ ( 3 d) uijj> 5 L}; id£ 


(3d 5 ) FeJ q) 

©j^ll 1 1. 3 c» 

(3d°) ScJ q) 


(3d 6 ) Fe, 2 ;, 

jaa-a ^ > uaj 1 

(^ 7 ) TiJ q) 

jaal 

(3d 7 ) Co 2 ( : q) 

tijj' 

(3d 2 ) V ( 3 a + q) 


(3<f) Nif,;> 


(^ 5 ) cr ( 3 a ; } 

tijj' 

(3d 9 ) Cu 2 ; q) 


(3d 4 ) MnJ q) 


(3d w ) zn ^ , c u ;: q) 

(ls^jj) J^' 

(3d 5 ) Mn^j 


{kli £AtfeAU JiJLxtl) 



rvMvM-vU 

9 


r-n 



jrUtll 0l jJ tfUl (Mltl jjill SjUI 

O^jj 

R 

V li 

G 


« ♦♦ 

V ^\e. . . . 4_jjla IgjL AalUojV) j^aUadl Cjljj ji CjU jjI jjAti 
«IX1 j$ill S:ll! <LaIo i^jJI j$ill ^jUjjja (_>a-*j qA * <^ *1 j_a gljj ujd 

V <_ r a,uiiii 4 \ ■■■T'. .a (jjjdl ot^jj (_£AJI J P-jj-ial! 4jdai/s 

J ]} Jjjji .4 jq/i ,a \ l (jljl'tf! Jajli-a 

G yJjAll p. j_J=l!! (j! j_S! ^_lA3k o.}L-dl Cl t^-i'ixal I jl (Y) 

u Y (jjaJU J& )Vi 

R _j g Jjj 1 n».a Ijj] o^LaII CIu^lLpI I il ^ 2 ) 

Complementary colour <i 

4_j oljj j i<aU^ 4j ^u<ua]I (jjillj o-iLdl 4 (j^ill Jj-laJI (jJfl 

,>»^Vi (jjili i$jV ? cjAs- . . . (III) ^W^j 4 


: (jjjJiSJ ? I t*u S jJj 2 jJ\aU?I yaluJI uG$jj jl/l jrU 

4_jj^£!Ldl aAW\ ^)^ali*J! Cllljjjl (JjAsJ! 4jt^vl^)Aj 

4J> (d 10 ) Zn 2+ ‘ (d 10 ) Cu 1+ ‘ (d°)Sc 3+ ^ >J u' ^ 

j judjH — 4 jWsn^n jx. j j^alladl dlljjji Aau — 

tiLJi (j--« (d 10 ) 1 «tAj 4 M'i^xa ji (d°) 4_c.jls d cjVI ^ \& 

p t _ s — 1J 4 al'iV 1 j l a! >» \t CjL^jI (ji ^cllLuij 

i_s' (d) jali cijluwJI CjVUnJjjV (1 ; 9 e*) cPJ^' 



yV 


(d) eiiyiluj ji G-3 s^jiia ejljjjj^ll 




7 






6 


: dJijiJI OljluzJI j^JLc Jlail ^qJLqJI jihnnll aI5l | 

.(d) £_jlaij _^alix p J 

ns 2 , (n - l)d I cs-j uj^ (^) 

ns 2 , (n - l)d 10 cs-j j^=4x (f) 

(B) Ciilx j^aa^dl 4 _i<L (_jc- (■ all Vi 4_1xjjI^) oAac-I Cl)!llj (^gic- (J-aliCil] jA^alix (£) 

j-.Vix C*J lAijj 4 *j! j JI ojj^]I ^ (3d) (_gjl*.a-dl a- filial l^_j3 IX (®) 

.4 jgLolaJI sjj^ll ^ ^aljj (4d) a!illLa! lg_}3 ^jIjjj J‘-°' 1 ' 1C - (*1) 

_4_ui^LuJ! ajj-li! ^ (5d) (_£j1uia 31 a filial I^jS £jljjj J‘-°' 1 ' 1C - (V) 

.AjuLJI ajj-li! ^ £SJj (6d) a^l-La! IgjS £jljjj 'ic. (A) 

.UajjLj (jLuu'JI 4ijx jja Jji (^) 
j 4 >>»q\l j (jjjl ill j (IB) 4c- j^-v^ll j..ol ic ( ^ * ) 

4_atLa-a j_JX l g l41j Clsl_jjjli£Wlj 4Jj».AU.a (f) t (d) CIi'JLIjjjj'JI 4_i3 1_5C.ll j^aiall (^ ) ) 

(• • do^ yjoxi i ^"V o\S .A-uiSiiill djVla. (j-a 41La. ji 4 jjc 1! 4JL=J! ^ alj^ 

.4_JliijJl ^.aliaJI aLl/uSl 1 i-ag 4 ^)j.l4\l J-Caall l^J (jlS ^^lill (_ja!jVll (^ Y) 

CliLjjjjSJj ' » (» (d) CC i^LIijjjS 1^j 3 (jj£j j^lill CliUjJaJI ji CliljCl! j! CIiUjjS/ 1 j_gi jfl lv 4,.u*olA (^ V*) 

% 

411a. ^ (d) l^li'JlilJJji ^ J-a-N ^_gi dlU j jliSlV 1 (jj£li ^jlill Clj^JI ^ Luojj 4.jwi\-% (A t) 
(3d) Cll'JlliiJjji oCji-a CllUjjj^]j C_jaJi 4 j ni L5 JuuIaLii-a]l (JI -v<a\l l. i.hn c 5 -^ll oJlLdl (^ ®) 
^j-3 ?r I j J j] 4_]Li. ^g-3 L^jUjjj£]j *. )a-\ J 4 ^ n i (JL^-dl x^a (Ji]! o^L-dl ( \ *\ ) 

/ s 1 rr y" ) " " ' ; ( 3d) 

■1 jlati ajj (j-aj oJj^a]! CliLj j I JJLc — oJiLaLS IAjjAA) jS \g. jail i3 ^jx- J || 4, j.-.-obk (^ V) 

V L X : .jlil IP ^ , p 


i^JliJI bgJbjaJI gl oSjuJI gl jnioii ^jqJLslII gl ^JLlqjl^JI puiUI guiSI | 

_4jul^>]l ^ o^*j 44111x^1 4I,d,dl jA^alic ^aj j^aiaJI (^ ) 

. JjVl 4JU&VI 4LUI "j^Uc Jji (t ) 
,4jjlidl 0J-dl Clll^jjUa 4cl u^i ^ ^lajjl j^aic- 

.(Jji^ pliiil jjjjL-aalS! ^ ^,'iVn«'i ± s\a 4 c -1 u^> ^ ^.l-yuaj ^l£j! j^-^i'ic- 

.JjVl 4JliiiVI 41 j»m\j» ji jj^alic >1 (r) 
_4jjla]l 4JlixVI 4LUI ic Jji (£) 
_4jjliill 4^1113^1 4LAuJ! j^alic. ja.1 (®) 
-( ja_uil! ojlc'J 4Lli CliljjUaj 4dJu^a ^,'iVin.n 4xlil]l 4Jl£ij'Jl 4LuiUI J^aic. 

_4!lllil]! 4 JlajjVI 4LuiLd! ^-^Ljc- <Jj! (*^) 
- 4iill!ill 4JLailj'^ I 4LuUI j-.ol Ic- (V) 

_4xa 4sliiS i. 4 j!^L^x]I AiJLuj ji^>]c. (A) 

4-icl n^->\l Jx^jlLdlj (jlixuVl 4x1 jj Cl il tlac. ^ aCaHmJ 

_4jjUCad! Cl il j Clll^Ua]! 4c-l u.o ^jjlLa^]S/l (j-a Vcj ^CalL-Ci tiljl n« (^) 
-( jjiACli]l 4aJl! (j-a 4jL^aJl Clll j^CaaCLuus C ■ I i^l jj ^ (J^Cj L-jSj-a (^ * ) 
_C1 i 1 jLluJ 1 ClllS^jfjj 4x1 u.o ^ aCaliuiJ j^aix (^ \ ) 
_^la.J)Jlj di-al^jXjJl 4x1 u.-i ^AaJLuU L_jS^)-a (^ Y) 





r-n t 12 








.(_).u.ajli]l 4jjili dll judal liall 4c l n^> ^gi jlia. daljd ^CiCdi i -_dja 5$I 
.4jjdl (J*3 ^jli 4j£il ^gjliAiSLlI JaLudl ja 4dlc dajC ^gic ^Idil j^aoc ( Y Y*) 

.CjlaJI 4cli3j jcladl a-!lUa ^g3 ^,'iVni.n ^gJlaliil j.dic- jjc 
.^-In-VlM (J^c- Cl )1 . 1 ^ ja ja (Y £) 

.o-lad ja odd ^Aaliuil j j£JI C ll dja ja ( Y ® ) 
.4j.li.ldl d£dl ■lajlrv 4c Ida JlLa 4 ag a dll Ha ajjAa ^ laid ^laldl ^gJlliil jAaic (Y 1) 

.4jllldl dddl Ja jJts 4cl u.a ^g3 ^laldi dill ua ^ 1 V) 
_4jjlJtJ! dllljjddl dlljlC 4clda ^gi alddi dll Ua (Y A) 
.idldl Cjadl 4c l n.a ^gi j i jj3 A>.d ja (Jdid ald-mi jjiajdl dlldja ja (Y ^) 

.oj^Jaaj a.A..d ja odd aldm! jj 'l 'S idl d ll d ja ja ( Y « ) 
.dllijld] ,'ma < S aldm! jiidd' dlldja ja (Y Y ) 
.4 u>ij^M Sjddl ^g3 oj3j (jjjlil (Jjldl jaalic £lljj AdlliiVI jAalidl jldl (Y Y) 
. c.lijgd]l ^Ijilj 4dLudl dlliLuijdl 4cl us* ^ j>,1snaj ^talil jaaic J§C 
_4.ia.ljdl dlljC^lj ^illdlj jCldl jlaulja J jdlddl 4clda ^.Isuaj ^gjlilil jaaic J§I 
((jijj — jil&) 4-Aijd jCLudl 4c Ida ^gi jlia. Jalad ^Addi ^gJlajil jaaic ?]< 
((jaljji — jatlS) 4iljlal ddi Cj3j c 5 ^j ^gjldl jldl (Jljd ^ ja.lsuaj ^tsuil j.dic- >jc 

.1 ».da Ijdai jdc lilii 4jj Aildl 4jd ^g.At.a.) ^gJLaiil j^alc- (Y Y“) 
.dijgdl jl jS^/lj jldudl ClUla 4c l u^> j (jCaLaa-Vl Jaia. ^gi 4dlllAi ^idai) ^gJlaiil j^alc- ^ ) 




i'^'j OP 


dl aJx.'l/ djli CllljjUaJ 4x.ld-a ^ j»jJ-a> 


j ■ /sir. 


_ dl jjjil “CajCA ^^3 ^CaCLuii oCLa ®) 

^jjldi ^ jldVl 4i jc- jla Jjl (Y 1 ) 


Jl dl!yLadlj 4jjj^d]l dl!dld]lj jljjJI 4x.l.u^ jaCduU ^lilllj Jj dc. 


_jjCj^aa]l J jjddl 4 ^ i w ii (Y V) 

olaa 4djj l -" 1 ljl- af ~- dlL jJaill Aixaj (jjda. Aifd ^CdlLoU jjjLadl dildj* ^ja (Y 

f jj£jidl jdu jc- idddll ^^3 ^CdlLaJ (juLad*jjLdj-a j^ 

.dll jdl 'Ciiia. ^ 4jLal3d,uil ~1 -»t ^ j£jjj ^jS/l AdlaliVI 4.L.aL.all jj^alic ja (T » ^ 

.^gJjVl Adlili^l dddl jal ^ ^Lj ^lilil jjc- ja^aic- 
. J)a>MI dll jdaaCLuiaj Jalladl j dllil&dl ir- li.^i j aCaliuJJ jjt^ajldl dlldja ja Y ^ 
.4 ilidl 4jtdS/l dlldldj 4aidadl dllj!llla]l 4£.lL-a ^^3 ^AaCimJ ju^ijldl dlldja ja ^Y* Y^ 

.4daaJI dll jis ^g-At-dj (IB) 4£- ja-vall jaaalic (Y^Y*) 
.(jjia!il!i]l 43ljial dilljdSI (jlaaa. jldaal) ^gi jlia. dalad aCdlujJ L_lSija (Y* t ) 

. jiaadlj a-la ^gJl jja.jjAl^JI .'indl jj3 j!ilajl (Jc-lij ^gi jlia dalad aCdlmJ L_dja (Y“ ®) 


: jjJLi LqJ iJJLc | 

.4auUij dllc jasa ojdc- ja 4auiijj]l dllili'l/l ja^alidl jjdli (Y ) 

? (8) dll.c ja-vall (_g-Aj 4 ajuiIj oC-aC-l dl!ilj Jdidi ^^l VIII 4dalilll 4c- ja-vall jAalic (■ ‘ll'i'v'i (Y) 

(B) dllcja^all 4di jc (10) , (9) 
.4jilLa]l 0 ia]l dlljiUa 4cl u^> ^gi ^ajiCilddl ^CalLuU (Y*) 

.Jdl s-liiil ^gjjjjitlSI jJjAsallll ^gi ^Calid ^iiL^aa 4cl u^a ^gi ^jlAilddl ^.Isuaj (£) 

.4dl xC-»q\l d ll d jdl j dlljlUdl 4c Ida ^gi ^jjlaj]^l ja VCi ^jdajWlj ^jjilldl dll un ^.Isna'i (®) 

\'V o\S/J|Q») 

_4_iclddl (_dalia]lj jldV! ^-Ijj dlljiac ^ ^jjilldl ^Isuaj (^) 

.(jjiadl 4jtdl ja 4jLadl dlljdaalLuia L_ld ji ^g3 XIOt ^jdlldl Ccdl (^) 






.CjIjUuJI j AxlLao j_gi ^.iklLaj (A) 

(J*5 ^jUL 4j£] j^jLlxuSlI JaLuilSI (_j-a pile- Aj^.^ 1 * 5 -^ J‘-^>' 1C - j»jjf4! D3 (^ ) 

V\<\ 6 q\ >Jon i • \ O 9 I /*a»\ 

.4.441 -dlLa. jA j aAaJjujJ d ll J^JA ji dLlxui ojjiuaa ^gi Lajl.} jjla-La]l ja.l^naj (Y * ) 
_p.ll.AaJl dlkuJl Jajlaa. 4x-l u.o j_gi jjla-La]l £-a Aj-laJl dlllxui ^.14144 (Y Y ) 

Drinks Cans P jL4! diLijj4441 diljx. 4 x.LL^a ^ jjW i<a\l ^a dLl n« ^Aadmii (Y Y) 

.Aj.iaJl 4juij dJjjSJl (Y Y) 

^ t lL41 j d )1 Vi x4l oA_^a. ^ja A£Li]l j_gij p4.A*Jl Alj-41 Jaia. d ll il-ac. j_gi ()0 dAljS4l jjlai ^OVim 1 (Y t ) 

.^paLaAVl 3 As~n\ L_lla*a]l ^-a (JfLl4l qa CS"^J pAaduil ^ ®) 

.ojjiiS (j^l*-«s a!)Ua ^gi (J£a41 aAadmJ ( Y *1) 
.djjjjil J^jAA (_g^ Sj)aJJl (Jp4l a^aJiujj (Y V) 
.pjLij££]l d4pl£]l Ax-l u.o ^gi (jjjladil aAadmJ (Y A) 
.diljlill Viila. ^ (jx^ajLaJI dlLal.'iVnul ^>)a» .a JjSijlil) (Y 
P414iAI kLoiim ll ^p (jx- 29 CU (j4_aj]lj c 24 Cr j»Jj4Jl (j - 4 gdjj^W' *• . 1 CQ (Y » ) 

\* \ i)q\ .J jVl 

[ 26 Fe] (III) amJI uj^' J) (II) ^ uj^ '^' (^ ) 

(•■\ o\iyjon t • • [ 2 sMn] (III) j .4>^ uj^ J! (II) uj^ v 1 *-^ (Y Y) 

Iac. La (+2) .1*44141 klLa. j_gJjVl plliliAl kLuiLuill j..V \c. ( _ 5 Ja*j (Y Y) 

(+4) IgJS o.lai£Li AAc. dllaS_j-a ^jjAjl£juJl ,jj£j V iMl (Y t) 
j_g.li]! AJla>a4(,djlj4s]! t _ 5 -3 P)A 14=41 oilA IVa.Llj V l^jaViA Ajui£lli dlVl^ ^4 *ju A iWsViVI j..ol i» \! ^j^lili (Y ®) 

(<\0 o\S >JO&) duiSlli klLi. IgJ (jj% La 141x1 


4oi£Ij <]L^ l^J (j^Sj La I41x. 

( ^La jfy\ j_gi ^jjjquc-La]! ^ dilbllj j_gi ^b]! o4^\ (Y “\) 


.(_5^L41 ^Uaji]! Jcli4L A1 j' Mg' ' j> IN a" ' ^ ^ =P 

[ 79 Au — 47 Ag — 29 CU] <j]l^L! >^aUx lxaL]! j kdaill j (_^LaJ]l <Lu4t djl jla jd*j C3 (Y V) 

Wot) 9 \40») 

j A A jawjliJ! A jVLLjjjV ^ ‘-, 1 j^jli]l (ji i 1 ale. 1 Jlilli! 1j >^»'ic- jjjjl adl! j 4 *j 5{C 

^■vO?!^ 29 Cu:(74™,4i') 

[soHg — 4 gCd — 3 oZn] <4!i4! jj& j^alix Af 1 J^'j u^ 3 J^' clj ' (Y A) 

. JfLii]! dl]i (_jc. a4jj l5j- 41 o-^LiJjj ^jjL]I <liS]l jl^jli (Y 

.! jjjli V JjVl k41i4VI UoiUi J!)LL ^j41 CQ (^ * ) 

_dLUiui]l ^llli! j_gi ^g] ijVl AJlaliVl 414L4! jxaLic. ^I.iklml (Y* ^ ) 
-( _g]jS?l <Luilui]! j* 1 (jUli]! d ll 7 > j 4 j j)\$ d ll 7 > j 4 ^-lij^)! CT (Y* Y) 

_ 4 _ 5 jL]! ^ 2 i*J! o^LjA 4,i 11 Li I VI kLAJl jjc. ksliiS]! jl^jli (Y’Y* 1 ) 

-( _g 4 wjLk]l j_g. jouJal i» -all Jl 7 >all ^-a l_) 4 -y'n l^jLiSj-aj djljjla]! (_^-a jjliS idU (Y y £) 

.Ax^iLU^ljlj oJlLa (HI) Aj-laJ! C3 (r 0) 

(• V v) 9 \ [ 2 eFc] .^ j > «j]-» l i» <a!jL o^La (II) Ai^ij! ^)4*J jjc 

(*\0 0 9 \ /ion) .4 n« j ]-i \ i» aljL o^La ( 26 Fe) di^aJ! Jjli*^ 

7, P.rO L5jCaJ A i>m )}al 'i» a L!4! 4^a]] ^ mjlal lit 41 ^3*-^ (^^) 
V* i ^'l/Jon * *\A o\j yJo» * <\v oVSyJon t <\o O9I /Jon) .L$j^ ^^UJ! ^*a\ £Q (f V) 

.jaiiV 1 (III) fj j£]! djlAja (r A) 

_4jjl«s jjc. AxSlilijVl jjc- jt^il i»\l djLijjl j kiA® killilAl ji^il !»]! djLijj! (Y ^) 


^gix (jS^J V 

<La*Jl djl jla _j f'"'' Pm (Y V) 





biSc — 30Z11] 


Zn 2+ ‘ Sc 3+ uyffl(S.) 


: o 11-10 0 1 1 C1UI2IJI IJJLJ iJJO ninnll dlbUI J.XZll | 

\<\r [Fe=26] ja (FeCl 2 ) 0 ) 

(_j^L«s jjc- j ^gjaLllal ( 5 ) j jla j ^ , ,;j 1— *1 ’it a I jLi (J) 

j jLa j ^gjuuJaLii-aljJ jLa jjc. j ^gjauJaliaoal^lj (^) 

(j-a ClllijjjSii^l jV U A>.a^b 4 _iil<ili^l <LaUI jA^alic- jxalij (T) 

4 s cs^ J^' lS @ 3 d fj 3 s CS^ <_S jl^dl 0 

(• V Oq\ /J0») £^4 3 d j»J 4 s C5^ J^' 0 4 iaa 3 p ^c. jail (jJjIulJ! 0 

(<*Y Ogl/jos) uj^j (i 8 Ar) 4 s 2 , 3 d 10 cAsj^V' cs^' (f) 

(JJil ~V 31 (0 AlAiJI (f) 


(<W ^\/Jon^ 



uj^j (isAr) 4s 2 ,3d 10 cs-ijj^V' (0 

A UiM lot \ 9 -A I jll “CiLfi^a ( 5 ) 4 j^La <jl_l£ j-a (J) 

+4 -lauSij 4 iLa. <1 ( 2 ^ +2 c 5 ^ J 6 >^lj Axu£Ij 4 iLa. <1 

Lai£ ^jiil -Usdl lllj! Lal£ jj| (®) 

ri/ 1 " \ y^/ ** 4 x 1 / 


o^jiaS t- jljjl (0 




4 lalii£ diia 0 



4 jjlj 5 jaUa c!^S (£) 

O-lul^U l_w ^8 (0 


(ji^v >M^ij ?.l_-a ^jA i' gjLjoiSl (jj -3 JilLau] ^Ji jlia. (J-aljiS a.'iu^i ^AaJLaU (_£iil _J‘ J 


l 





^jjiliUil 0 


jA 


( v ) 


AiC^JI ^ jjjlliiiil (0 

(3d) ^jC-^Ail (_g jlm«ail (jjSj IjIjiLoil jii£! (jjSLl AjilSuVi 

e3^ ^ <_£ 0 yd^- 0 @ *• 0 

jx-^i'ic. c^jii (^g-ijVi AJliiiVi a.LuL .21 jjk^alic- AxaSbil 4 _Sl^J <-aja ^ >^iai jj (A) 
luc^i! (0 jjl^-Lail ^j^Skil ^jjililii! (J) 

<iiSj!i (jj^J 29 e.Hc. j.^i'ic- J| (^) 

[Ar] 4s 1 , 3d W © [Ar] 4.s 2 ,i/ 0 

[Ar] 4s 2 , 3d 8 , 5s 1 0 [Ar] 4/, 3d 8 0 

J litxiljLiil 4 jt^ilidLl (JJ) (jjji Jj^Aj S ( \ • ) 

(3d) C5^ ji5i SJ jia Cllli jjlSij 0 

CllUjjJiSi] 0 J,.,1»J (3d) ^_gjluLajl p-ilHa! ^) 

diUjjj^iyi t> ju. ( 3 d) ^ © 

( 4 s) cs^ jsJI dlljjjj^l] 0 


I. Hull 


: (jpO J£» nmrtii gj jgo g| pl 3 ±Ilill jSdI Q 

j.I ~1 a ji V 1 J ^ajjCjl^ulil dljLLul (^) (^ ) 

^jjlajiVlj jajfillni! lillfui ( i ) V* V oVS yJ|0» 4 <\"\ ^\ /)(Q») .^ j4'A4' (^) 







( ajLllniilll jpUttli J 







( Jgill xJliil J 


(n) 

\\ • dgl/JOB » (A) 

J±ju Aj CjLo j^)S ^jIj ( ^ % ) 

AjjulSl <^0<) 

II jjW I aII ( \ t ) 

.diLjSl! (Y 1) 
,^jx<sj)l£ — djbjUaJ ( Y A) 

(j£Lu]l tiljl ; ■ ji (Y » ) 
>L>u Ui]|(YY) 
(Y 1 * ) 

• -llm£l (Y 1) 

-t _ 5 _uulalji-a]l (Yf A) 

j _' ' 1 ' <^ro 


Aioi£i ^tii (®) 
(V) 

III ?jjl\ Ai^S(^) 
. J)jw 1^1 ( Y Y ) 
^jJjuiIjjJI djl i\MJj (Y Y“) 
.JjJaJ! (Y 0) 

.Jinll(W) 

Jliil! tiljLixii (Y ^) 
Jj)-vo\l (JfLnll (Y Y ) 
II (J-Ujl! Cjlljj^(Yr') 

(Y ®) 

-( jjA^ajLaJ! (Y V) 

^jj^Ljlill Aiu^l (jji-aLi. (Y ^) 


V*Y i)q\ /Jon) 

yV 



: ijjo J£> ijjlj jjlo | 

4 iWsTiVI aIuiUIj 4 jWsVi^ft 4_LuiluJ! (Y ) 

_4jtj|^]| 4_iililij'iM AluiUlj 430 4 iWsVi^ft 4 .L.mL.u." (Y) 

c> Cf (r) 

;Cr) fjj^'j ( 29 Cu) t> yPjJ^V' (*) 

.4 n.i'lil IT 'h'lj <* ' ■ *'» (©) 

,4j jjC. S-iLoJI j 4j^Lall oPLall ( 1 ) 

(IIB) Ac JHP^' CjI jlflj (IB) 4c \y^0 Cj! jla (V) 


/ V 

: dJLim±3lLfijoUl3 3lgog ojuiuiDliiLoljlj slgjo j^JLi Lo iqId 

[ CoCl 2 - Fe 2 (S0 4 ) 3 - Z 11 SO 4 - Cu(N 0 3 ) 2 - FeCl 2 ] 

(Co=27 , Fe=26 , ZfI^3oTcu=29) : Ji Uk 


: aJgJLo jjlc Dlgog cijgJLo slgo j^ll ^JLj Lo >Mn 

(HI) ^ CjJ ( Y ) " (II) ^ oJ ( Y ) 

(III) f ujj! ( t ) (III) f .jjjijjj (jjj' (r ) 

(II) ( >-=j^u^'(‘ l ) (II) oJ (®) 

(Sc=21 , Ti=22 , Fe=26 , Zn=30 , Cu=29) : 0W ^ 


: lie ■'m i IbLo Q 

(_^a 4 4_u«i 4iLk^a! (Y ) 

^JjLk^us ^jjAjIUII 4iL_ia] (Y) 



.tj 

oLus (II) 

uk^all a Jj^uiill (_j-<s 4_LlliJa 4_u«j 4jLkial (Y*) 

l_yi\ ~v ill d lU i jj£ (_j-a 4j jjuta^s 4_i-aS ^da j ( £ ) 

^ (Jjli-a ^- L ^ a J (®) 

djl jli]l 4 iq\-N (1) 

(jjjl ~v ill jj-siic- Jiaa (V) 



ita 

r-n 







Ljo p _ j ( t ) jg xanJI jjdIJLoJ ^jgjj&JlJI uulSjUI (u) sgxrnJI jjo jlal ffl Hf 

: (^) DgmzJI ^ uLdIuIujUI ijjo qiuiLLi 


U) 

tyi 1 — 

(^) 

* 1 ) 

0 ) 

/o^Jaxsj oAxjjSj- 4 S«lLa£ <jl_l£j-a .', V ^,'iVuu) - J 
djjjJ)]! < 2 kJ^A ja.I-NUaJ - JJ 

-laia* d ll i\.ac. (60) ^4i.ail o^^Iaj ^.laJLuiJ - JJJ 

<C.Lj 4 aAkluU - IV 

^c-lLk-a ^_-a <SjLijui ^.'iVnu'i - V 

_A_jjLdaa]l 

.^digJJ J^La^a JikAj - VI 

djIjUuJI CllSjjjj <c-Uu^> a.ladmJ -VII 

[Ar] 34 ; - ' 

[Ar] 3d 7 , 4s 2 - ^ 
[Ar] 34 2 ,4/ - -=> 
[Ar] 3d 8 , 4s 2 - J 
[Ar] 3/, 4 ? 7 - -a 
[A r] 34 5 ,4 ^ 2 - J 

( 22 TO f. ^ 
( 24 Cr) fJJ S-X 
( 25 Mn) A 

( 97 C 0 ) - i 

( 28 Ni) 

( 29 Cu) l>4-^ 


: ijJLj Lo uuj pp 

<<^1 jajMt JaLuuJj 

« t[ j 4 rtJaVw . 4 ti f jxl\ li*a» 22 Ti - 24 Cr f - 30 Zn u^j^' - 26 Fe (^) 



I firgiio dJllIll Q 

? 9gF6 -Ij-laJI 29^11 (jAajll .ImStlil] <Uj^ui jli£! AdiVI jj^aLiaJI [Jj] (3 ) 

( 2 9 Cu , 26 Fe , 22 Ti ) ? MCI 4 £■* UJ^ ‘ShVI t/' (p (^) 









IRON 


^ Jj-Li 4 -i AjA 4 -I lll^jlj ^ I 

4 Wq^W djLc-ljjk^ll l ^ Aj. W \ \ jn* ^ 

26 Fe : [Ar] 4s 2 , 3d 6 : cj— j-u)^ 

: >jJf 

j (jj£LL >dlj (ji^v jgi^Vl lie- A*J 4 4 u>tjSM o^u!a]I 4Aj^)*-<d! jjL-salixJ! (jjj £j!^)]! 4 jl£ijj 

.^Ja J^' 8 jjj (>> 6.3% UJ^J 4jJ2w 

.(jAsjSH (jlalj (j-a IajjjSI 1 a!£ Li^jjAj AlAjj ( 2 ) 

(90%) ^ V) ji V @ 

4 }-iVi-v<a A jAadl Ai-uilSii 4. a I'i-S/a ls-^c- j 'iVi 4_i*_ida 4 " il 4 -S 4 ‘lift ^gdc- 4 1 o^).2ia]l ^g-S A jAaJI A^jj ( 4 ) 

.4 U ' j 

: AjLoL> jL»jU>JI >V..iI <i^> l^.lf. 4 _o2$Ij J-oI^jJI 

.^lad! ^gi 4j 4ja,Lk*a/dl 4_ul j4dl 4 _u£jj ^2) .^laJI AjAiJI 4_Lmj (J) 

b jjc- j 4£cgjjJ>ilj i^jLui ^a]lj 4 iAjj^A]I j*« ^»lidl 4je^a 4 UV'-v A \l jj^alJudl 4_}C- jj 

•rloiirVi ^ p iilll'i Lr LII i nill uUoln p__£bl 





jMiA J? j£Ui 

JJ JJtJI AuuJ 

jtfljid! 

^l0 Ihi5l1 1 

^jLmSD! ftuVI 

pistil 

4_l)A/d ^gjjij! $. jadl 
4ljl^l j]l — jl jjjJ 
4jjau]l 

50-^c 

— (j£lA j-a^i 4_j jj 

Jl jikV' (J^3 

FC 203 

1 U 

AjAaJl AjjoiSI 

r\£ 

dudkyJI 

4jjju]l 4~'tl Aj]I 

20-60% 

6 " . 

-UJH-Ul ji— ' 

2Fe 2 0 3 .3H 2 0 

AjAadl AgjoiSi 

(III) 

4lljA^!L«dl 

uli^dJI 

4_i3j2dl pi j~\ 

45 - 70% 

— ^jj ) ,.\\\ 2) J x xi 1 

Fe 3 0 4 

AjA^JI AjjuiSS 

■ n'lil “'■» a\l 

o-Liljtl 1 


30 - 42% 

>.s\a (_gALaj 4j^j] 

J! — 

FeC0 3 

41iUjjj£ 

(II) 

uJj.Lu.yJI 


cLJLoln j n 3 -juJI [plLiluil 

: xjanJI pLi j wh^'i 

: JJLaLiJJ S^/iK^Uj A^L^I ^(jaJI ^u^aj 0 ) 

.(JljjiaAt 4 " )1 i\.a» \ 4 , Lml Ldl ->-n ~ v\l ^glc- 4 Og 1 ♦ j . . .■<?!( .“tl . 1 (?) 

dlljl L 4 <1 jAi'i 4 I 1 I iLc. (j— c-j (j aJsJlj jj ui£j]t 4 I 1 I j\.ac. j_ c- ^tli jj ♦ 1 - - 1~ H ."i l (l^>) 

4 0 j— AiLba 4 JlxJI jlj_aVI 45—3 4-alAaJi_xj! j_£uaJ V (_gA_]l ^C-U! al ,~v\l 4_1 jI& 4 A 1 I 4 JlaJI jlj_aSM 





(Jj £j l£i ^1 djl \ n**.!! ^_lA2>jj }-» J^) (_pa^)_ij 4 -vllataW 4 <U9A]I ^»1 i^VI oA_A ^ ..^Vt IdJ 

.AllilliLl 4_iLaxJI oAA ^a. a'i j 4 .mil AJjLda 

<J k^aiJ til—Sij A j-laJI 4_i uij ei jj <■ O g i (_g j Vi ill dll jlaa-II ^ A J j < ^J| .“tl (_s^) 

^ali-Jj l_g_j 4 Ii'I-na jl 1 llLuuS 1 gjta od-Via ^gdlilj dll aldil (j-C- 1 g j4 L_S_j_C- ^}ai! j—lC- Al j_ailj 

.^gjy^il (_Ji-£»a]l jl mjJal i»a\l jl U.nll jjjlll 4 u^il -n JAdluili JySjiii! d ll Jac. 

: 4<1l<flA K ^yo \ ^iJI Jj’uoij (T) 

; (jAa^jij liliij p.l_j^Jl odjil ^Ldil (jjdjuiil 4_iia*JI oAA ^lijj l - * -%.*? H 
. ^laJl ^ AjAail 4_uaj aAbjj AjjJajIl (ja (j^aiaallj ^lail ‘ ( | ) 


FeC0 3(s) 

■a a* 48.2% 

2Fe 2 0 3 .3H 2 0( s) 

40% 


S (S) + °2(g) 


Fe °(s) + C °2(g) 


^FeO (s) + 2 0 2(g) 


> Fe 2 0 3(s) 

ajas. 69.6% 


2Fe 2 0 3(s) + 3H 2 0 (g) 

aaa 69.6% 


; jji-jjiil j dujdil Jaa (—ulyill (jaMU SdaSi ( i^i ) 


4P (s) + 50 2(g) 


2P 2°5(g) 


d'i, ,'^ll (Jjjdail I (jaUtl] L*jj jjdaj 

jaSjJU jj& 

(_jj l^jSil Al uiSi J jl (_£ jl c. (j a Jal id 

('JH' J^') O^JJ-^'j 

CH 4 jldil jpi <jlviii 

(93%^ 

2CH 4 ( g) + C0 2(g) + H 2 0 (g ^^^ 


2Fe 2 0 3(s) + 3CO (g) + 3H 2(g) > 

2 Fe (s) + 3C0 2(g) + 3H 2 0 (g) 


: pill uLjdIj Jij iil 

Ls (_£A^,Li . AiAi. AiAaJl AxujI£! (Jl jiidl 4l^^ail oAA ^ ^ii 

^ U^» k ^ 

/T 1 % . 

.jyjiil Ay£l Jjl jld JJIail (>1*11 
[(jiliiiVI (jdiAla-ali lixla tJjSil qa ^aa 
C(s) + ^2(g) ^ F^0 2(g) JalaJljltd* 

m + c A > ?ro 

^ u 2(g) + Ms) 7 ZL - W (g) 


Fe 2 0 3 ( S ) + 3CO (g) 


2 Fe (s) + 3CQ 2(g) 


Jljl?-* ! Jclij 


: 3jnoJI ? UJI Eg 

^Idil (_3-A J 4_jJUil 4 _L^j>JI (j^jda (jj-® U-J-^ LS - ® AjA^il dl ll A ~\ (Jljddl 4_iiac. d*J 

_L_lL^ail AiAiJI j! ^)Aj)i! AlAsJI 5 jj* * AidiJI 4 gl'i-vall ^l^iS/l 

Steel » 1 Inll 


: L«jfi jrtV.laf- ulifll) 4 f.l ; ✓> jLolau 

_(Jlj)idVI (j* 2^i2l AlAaJI oA_^j>JI L-uljAjii! (_^a (_^aidjJl J 
- 44&1 n^ill (_pal^)C-bU 4jjiIaaJI (_^al_jdil ^lill L_lL-£iil ^ - imSlij AlAaJI ^1 jj-aliaJI (j2a*J 4ildal 

: yVl (j-o ^lyl 2 LjMj (j-o JL>I^ ^ljk>V..>b ._,l,^ill 4f.l;^> ^odj^ 

^yll^^SJI (jjiil (3) .^jlLail (jyil (2) . 4dli^ Vl dl')/^VA]l 
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( Jgill m4JI J 


tM UimJI 


(JSjill j JuliJIj i ^jjlUlUlj 1 j.1aJI! t jjla-Lallj JuliJ! i Jy-liJ! tilll ua ; JiiLa J ^j^lo ( ^ 


3jjj£1!j dlaJI : Jla : j_liV (Y) 




LLmMuJUl A—kjjla 

j ^■^ t| a 33 


l 3 j 3 3^' j' 3J>^ 3jA^' 3^“ J^' 3^ 3^- 

. d3 jl! 

lg d» I ^-a dl3-l3l! __)£ •■'1 3-J3 3 CP 
.UikJjlj M ‘-^'■all ^13 J 

IL-dJjia 
j— uaftlll 

+ (jjjLd) 3 >-^AI (jjjA 1 II 1 3ijJiiJ! t j>»ir | ixill a 3»~i 
^ 3 ^J Jj Axa 3 -a Lu3 33*3^ t -^-^J 

(jdALall s3 3 ^. 3 j^ajUJlj i_yl ill dLi^l! 

1 iliJI ( j»jj ^llj id^Jil iiljl_i ui 

JudJ! i ^jjlUlllIj JuliJI 4 3ddallj 

.JSjsIIj 

JL-t« 


■*i ■!;■■■» £lgjl 


liujiAiuJI uLSjil JjLu 


i^JIjLulwVI JjLuJI 


d! ji (Jdi uU 

( _ s d3 3 >^iV' ^_kll 

i jjjUi ^ jiii 

; <1 ^3 jls dl jd 

jl-'oll l i./li - ^ 

il 1 _r 

_<jjIx<u£]1 

; 4Jxa! 

Jl jdJ! 4 £oj ui - ^ 

c il, x^ll ^_3 ^ z y 31 j 

SdaJ V (jill 

l_iA1 II <Soj U! -Y 

~N lll^g 


d-u-uil djLuJI 


A ijfLal! j i_oli*JI 1 id 

1 jjLl<u£ 111 dil 4 £aj Jl 

_AjjU-<uSi dUSj-a jj£da 

,4_iL«a dUS^)-a - ^ 
V dl j]a 3^ 3j£ii -Y 

o-l i.1 J A C. j-ai-a 

3Jjll! (JjdJb 

. 4jla| 

31-a j II j jJl l! Adii — - ) 

(j—Sdii - iu jiVi) 

Ni 3 Al 

— (_><al uajll^ 4dlJ ui -Y 

Au 2 Pb (3*^' 


1 iliJI 4iLn_ 


lM'j 


d !3 3 -* djjL *3' L " ( 3 ® — -lalaJlS — ^Is 3 ! 3j^4 

Ax-j A -id dliLuua lg 13 1-a^A.a L^aj 3 
A q;]a JjjS 3^^ dl ji 3° i3 jid 3 ^ Cj^A (J^lal! 

^ i 3« (Jai <jl 3 ^sa ji.1 3 I 3 ti^ii lil cJJ j 33 ^ 
djjlLJI 4<,'V’ll a JlJ | dliLouJI ,^-3 ^ill 3ia]l dlji 
3 jjfc j dLiflal! 3^3) 33*^ '■^iS^lji 4 ^ L«*>Sf ' 3lall 
d-alji. 3 =«J 3 U 3 ! ^iLdVLj 3 iall 3 -* - 1)3 

l_la 31 j 3j 131 4 jLIs ; J—iLa (_^j ikVI 5 333311 

(j^alj -vllj ^j—j^j^ll J) d VI dl 

4_Luulal-jjt_a]l 

(333! lidJI^ 3^3 ^'j dJlaJI Adifui ; JllLa 
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aaJI iplg_j 


: SL-Jb^l , »,H 

AjAd (jjjJ l ii'iii (jj (5) .4 iVi\l 4jl_aJI ^3 _jAj 4-ic-l u s\ 4_ui&i 4j (jjiil Ci) 

,c_ la-mll j JjjlLall Jjll ( 4 ) .4 ilSjjjj (_b_juij (5) 

1538°C -^C. J g ‘■■ "Hi (6) , 4-iou L UA- a 4j ( 5 } 

7.87g/cm 3 44 &S (7) 

_4j LjJjIjjuJ! 4jt_nlaj 4jUij ^gic. 3 j3 - v\\ 3di*j 

/o3j3c. dlbal3Vn«V 4 ~s\l >.s~> Ig \»Vi o.Aj3c. 1 " A q x.<-» l^J 3 j 3^JI tiliil ±u> j L-lL-sall £-ljj! (_>* lS-^Ia 33c. 


: l tWi^n u*lj ,» H 

^ jja <_5-ic- Jaj 3-ui^Ij 4_lls. 3 lAaJI ^g-Iaaj V ^gJjSd 4 jlliliVI 4 LuUI ^g_a 4ij3 ^iJI ^^aaliaJI J$C 

diUjjj£JJ jjLaj (4s,3d) (jyyc-jill (jjjjluL<a]l dilijjj5Lll ^j.a-v 

_4_iaaS 13 dlujj] (+3) Cy 0 (_g^C-VI 3 xuSIj 3I tllVl-Sk ^).a> jjc 

(3d 5 ) Jy'-aj (+3) 3^u£b]l 4JU.j (4s) ^ j^' csjl^l ^jj&ll ^ jjd Jjl£i (+2) 3^£b 4_SL>. 4 J 

(dll nil 4jLi.) ^ilo/s <- d-Vi 

^ 1 i yV 6J<>r 


.yu^j jl £-<J (Jc-liLj 

xoo * I I n L 6 W \ 


3Fe (s) + 2 °2(\) 


Fe 3°4 (s) 


^g. j-ubaLig-a 3_i3=k 3 j_j. 

3Fe (s) + 4H 2 0 ( 


(500°C) 




Fe O 4 - 4FT 

C 3 W 4 (s) + ^ n 2(g) 


l-^t jliuJxS (Y) 

A JOail J-C-lili 

.uy^jj-^ j 


: ai jJfoUl (?) 

(II) 3j3l^JI 3jjjjjS ^gJaaJ dlJ^jgbl £-a Aadj (III) 3 j3s. 3jjjK ^ItjI jjlfbl £a Jc-lill 


2Fe (s) + 3Cl 2(g) 


2FeCF 


Fe (s) + S (s) 


(j-lax j jj Kti £—a 4 Iclij 3 \c- \ aIu Jl 3 _j3& 3 jjj jj£ Qj Sjjj £_a 3 _j3aJ1 

? cJAs- ... II o^J III 4y3a. 3 jjj1S 

HI 3j3^ 3jjjK JJ 3j3aJ! 3 jjj]£ l5 3juiSj-« J-alc- q Sf 

: q^LaaV) ^u» (t) 

(jj *uj Vj (II) 3 _j 3^J| ^^L_ai ^ F»j] 4 aaS *’l 4 j * w ^ U ^al cL^.'j) t _ J _2 3_j3iJl t_ij3_j 

5 ^^' uy^jj4^' ? cJAs- . . . (Ill) 


Fe (s) + -^2^^4(aq) 

Fe (s) + 2HCl (aq) - 


> FeS0 4(aq) + H 2(g) 
FeCl 2(aq) + H 2(g) 


^gjliij (III) 3 j 3^ d ll njJi£j (II) 3 j 3^ dlLlljjS ^g-LutJ til ^_-a 3 j3aJI Jc-lill 

c-Laj dii^jjSjl 3 j>m^I 





3Fe (s) + 8H 2 SO 4(0 FeS0 4(aq) + Fe 2 (S0 4 ) 3(aq) + 4S0 2(g) + 8H 2 0 (v) 

. . . Aj-lab! bjAtla j-aJl djjluil (J/iaa l- iauu 

,/Jr-l a’ill ^Jsujj ^gic- .llmSVI (j-a <LlLj (jjSbl 

.1 l^'Vxall jjjLlgJI jiaAi. alA^Jimb jl (2bJb (F«*>11) (J-abLil w\l <J1 jl J /t Uj ^ 1 4 


: 3 mil 3 LUllSI 


: (FeO) (II) 3-JuJI a_ jluiSI 


COCK 


COO 7 


(jc- AjJlaJ! Cj^Lu^jl (ji-vm'n (U 


J>->, Fe0 (s) + CO (g) + C0 2(g) 


(Jj! jl \\ j !- juliLUxa]! AjAaJI Aj >m^S j i (III) ■'i j.wll (JiLa iC-Vl Aijuil^Vl (JljiiaJ-J (T) 

I 1 yV S 6 6 

Fe : d^.H :ig l I' Y ^ FeO,y^ 2 0, g , i ^ \ 

te 3 O ils) + H»„ SFeO,, , + H 


4Fe °(s) + °2(g) 


FeO (s) + H 2 S0 4(aq) 


2Fe 2 0 3(s) 


$.La]l ^^3 l_)jAj V AjjjjI (Jj^ijaba - ^ 
^kLuall ^3 aJi j)^ .uij — Y 


_p.La]lj (II) AjAiJI ^!iLai 1 Vi b <iiVa]l 4 _ij.A*-a]l (J-bbaa .^1 ^-a (Jc-lijj -Y 


FeS0 4(aq) + H 2 0 (f) 


: (Fe 2 0 3 ) (III) a .p"»H 3-111161 


(j-aa-a <j4) (III) AluiSjjAjA L-Luijjj (III) AjA^JI ^!iLai JJbs^a A^J l 5_J^ (JjLs^-a 43bAab 
(HI) aja^ ai^SI ^J! J ijajj (200°C) (j-a 4_^jA Ajc. (Ill) AjAaJI Ai >«^jjAr& (jja-uii Aic-j 


Fe d3(aq) + 3NH 4 OH (aq) 


2Fe(OH), 


Higher than 


— > 3NH 4 Cl (aq) + Fe(OH) 

Fe 2 0 3 ( s) + 3H 2 0 


AlujS! ClJlj j {ja j (III) AjA^JI .\n^S ^ujj (II) AjAsJ! (jja-uii Aic. - 1 


2FeSO, 


Fs 2 0 3 ( S ) + so 2(g) + so 3(g) 






Fe 2°3(s) + 3H 2 S0 4(£) cona 


i" in\ ,ajg \l ^U. S _B 4 » n)o\l (ji A=».jj ; o J ^__>^ 
_ pL4l l_ljAj V ( ^ ) 

.CjUUaII ^>-<^.1 ^aVu«i (Y) 
.pLailj (III) AjA^JI ^!iLai (jjSjj] 4 i~sl >21 oJjS^-a]! (j^aLosvVl (Jc-lilj (Y*) 

— > Fe 2 (S0 4 ) 3(aq) + 3H 2 0 (f) 


: (Fe 3 0 4 ) ( L miKilionll) ~»g mill t j nJ I ~> JLIIiSI |nTn 

: 0J9 >5 

(III) AjA^,j (II) AjA^ (_gJLLmSi (_jjs AlxjSi _jA j i." im W,a\lj 4 » n)-i\l ^^3 Aa^jJ 


• 0 i_u9 


. pLa]l jlau j! pi ^Jl (JjtAJ 4 _^*jA] m.a\l AjA^JI ^ya 

4 a^jA A ic. Aj u£i Jji jS (jj^jjA jgil 4ja uiljj (III) 3 j.wll Aj ui£l (JljiaJ j -Y 

230 - 300°C 


3Fe 2 0 3(s) + CO (g) 


230-300 C 


s*. 


JL / 

Fe.CX,^ + 4H 


2Fe 3 0 4(s) + C0 2(g) 


? c)AS- ... (Ill) AjA^j t (II) Aj Arf'^i 


iLal , JaxJ Aj^LuJl S j£ >41 /><aL«a' 


6 ^ : <» — 

./. .S U;;, ^ 




jSI A>o (JalLa-a) AluiSl 4_j'S/ 

/+4FFO_ ^ 


(III) AjA^ J (II) 


^3P4(s) 1 ^T u 4( 0 


2Fe O + ^-O 

/ ' re 3 u 4(s) ^ 2 W 2(g) 


— > FeSO 

4(aq) + Fe 2 (S0 4 ) 3(aq) +4H 2 O (0 

pi ajJI , J 4 iia-mj Ajc- (IIII AjAaJl Au. 


3Fe 2 0 3(s) 


4lj-\ui1 (Ill) AlJoiSl Ajo^llj -Y 


2>r '~^Fz>£r 


r-n 


* n sji * 



6 


: dJLjlJI OIjUaJI i^JLc JlnJI ^olnJI jl Pin ni l oiSI | 

.(JljjliyVI d ll il.a» l t_ iml ->y y ll ( _ s ic. (Jjk.^»y ll AiAyll dlLaly ^y y d ll il.ac. ^ J 

dll jl-ac. L-l-uil li] 4 mily1.aj AJjldLa yyl ^ AiAyll dlLaly dll njy ^j-ay'ij Jaij c" ll j\x>c- (Y) 

.JljlkVI 

i^yC. I j_i c. a!j_a1Ij L-iilj_mll dLlij A_iAyll 4 \ mi aAl_ij <■ V'i g \ (_£j^ya dll jl-ac. (V) 

.Igj 4 l-»l'iy,a jl l dLl/ufi l g » -a 0 ,'iy'ixa (jj^j ^^all j dlLaly]l 
.1^1 AiAyll 4.1m 1 4jjla j )ll (j-a (j^ly'lll oAml ^3 AjAyll dlLaly (jiy ml |jjj 

\* Y o\j yJOB i • V oVS yJO») 

.AiAyll ^LiW (Jj)'iy .a (JulitS (j^ajSill Aim£i (Jjl ^Ay'imii (_£a!I jjill 

. AiAyll ^Lia^/ 1 (Jj)'iy a J-aljtS ^Lall jlill ^Ay'imi (_£a!I (jjill 0) 
.^y y ll jaaSi jyl jia ojAI 4 11 nil dlliLuaall ^3 ^>y y 11 jlda J>ia ojA JlyAl L>-a 4_^ala 4^1 ua 
Jidiltjd aadaaSLII (j^al^yllj (jjiAa Lgl 4daxmll dlljA (j_jdl La,*! ic. dlA-ya dill null ^ja jl [fif (^) 

i 1I9I /xan\ .lS j^' 

.laadaa£ lAlya] IgJ 4 ’i / ^ ' it ll Ay'i'i LaAac- 4j [jjj ^ ) 

.Jc-lilll jljaUml 4 j/»y* jlill ^Jajai ^gAc. AjlXVI qa 41113^) 4 Q < 1—. jjS ) 




:,^JliJI bgliflJI gi LiSjjaJI gl jnioii Lr oJLoJI gl ^LuqjlSJI puilJI oiSI | 

.4 ' . I sjdall ^ Ojij (^jjAII (JjAyll Jj- alic- (Jjl (Y ) 

.4 u>>^)VI o^jmall ^3 SjiSj <_5 .jja 1I ^>malac. ^lli (Y) 

.4 u> o^jdall j ■ ' r - dillj 

^4^3>.jV I o^dall lSjj-^II j..ol Ic. yii ( s ) 

4jUJI ^ V) (_]£. di A^ji V jmaic- 

c"ll yl^llj (jljmul 4_liA-al ^^J^jill a-J)^ll ^ A^jJj (JljjikVI (_1^joij (jSlA ^j-aa^l 4j_jl AiA^ll dlLaLi. Aawl 

^^pmll 

200°C L>® LS"^"^ ~‘^ c ' III AlmSjjAlA (j;y di ^dli AlAiJI AlmlSI (_j-a 

/oAml JJ AlA^JII dllll^jlS (jjy ml ^dlj AjA^JI Alml£l qa 

_4j^pJ| i" ll yl^ll A^jJj (Jlj)li.VI (J^uij (j^ill ^)imai AlA^JI dlLaLi. A 2 kS 
_4j3jdll »l^)y t^ill ^3 A^kjlj 4 imll^l \xa (_j^al_ji. 4lj (jjlll Ajml AlAiJI dlLaLi. Ay I 
_ (_^=k.l_moll p.Lall jlyJ jl plj^JI ^-a jl^)-ayVI 4 i^jA] ^jy mAll AlAyll (J&lii ^ya ^dll L-lS^j-a Alm£l j| J§C 

AlAyj (II) dlAy ^AlmSii ^ja ^ lilly a^ L_l£^a AlmSI 

JJJ AlAyll AlmSI Jljliyl j JJ AlAyll Ajm^S oAmSI ^ja ^tlili AlmSI jjc 
_(Jlj)iy^n (J^joij ^>imi»-a ^ALaj 4j_jl AiAyll dlLaly Ayl 

-t ^llaJI Qjill Jj iy ^a l l J^l*-!' (^ * ) 

-( jjiSjAh ,jj3 ^ Jj 'iy xi l l (JxilaJI (I l| 
,<jjjj£]l AijuiSi <J jij (jiyjjAi^JI (Ja }-ijly 

i LLuijlill 4i^)lal 4jAlAy]l (jAallLall 4_ilaij ^ aAylm 1 J (Jailyill t> p Y 1 ) 

_4j1uII dll dml I ^Ijil ^^-dl (Y 

jAjmaJ V l^aII Ujimall <C-Llma ^ aAyluii 4_illAllml 4iLnm (Y i) 





r-n t 15 







.Aj jlaiu3l (j<jl'j ^jjiajlVl iliLSj-a <£j n« ®) 
jlc- £-a AlAiJll j/iVuii j) -a (^ *1) 

/"'.i^.i^ll £as AlAiJI (jl'Vti.ri j)-a ^clli L-lSi^a (^ V) 

_( aiVall tiiiii^)j^]l (_pa-a 2 k ^ AlAaJI jjllji j)-a ^Li ‘r-^^)' 4 (^ ^) 

y iq-s-all till j^lSjjAigJI (jAaaa- ^ AlAaJI (jllji (_j-a ^cjlj i—lfi^a ( 1 ^ ) 

.^SaJlLjAUa V j)*a~s t. inal ( Y « ) 

.AlAaJI lAt-aa <11 jj ^ aAVLmJ (jJa-aav (Y ^ ) 
p.1 ^Jl (jc- (Jj*-aj AlA^JI ij^LaSjl (jl'Nti.n j/a ^cjlj A 1 A 2 JI AlaalSl jja (Y Y) 
jjj^jjAa^JI 4 la jgii^j >aj)-ili».al' 4 lAa-ll Al-uifil j JJJ A i.wll Alaafai (JljliVl (_j-a ^clllj AlAiJI AluiISI (ja 5jC 

400 — 700°C (>» o j' J^a. 4ai.J^ -Aio 4^' Jj' j' 

y aiVall tiliii j )j^]l (jAaaaa £-a JJ AlAiJl AlaaSl (Jc-lill jja ^ailj ^la JjLa-a (Y V) 

. j£^)a]l tiliii^jSJI (jia-aa. £-a JJJ AlAaJI AlaaSl (Jc-lill j)a ^Li ^l- 4 (Jjia-a ( Y £ ) 


^0 l)q\ jX:a\ 


jM 4_ijjiLll 


: lyjU LqJ iJJLc ! 

.AlAaJI illlalaJ 4iLiiKial'j 4jjl_ijjA]l (jaaljiJI (jjaaVil jjta^lll 4_iiaC. (_£jVi 

jljiVI ililjLc. t i i)Vn i'll ilac. i^yc-j j) "vlall j ji ta^'ill t"il ilac. ^cjl ill ^c-lall ^l_Vll ^lAViaal j)5iaj V (Y) 

/ojiuLla <Jljtil (jl^Vl ^ 4_illjtJl 

t" il al -v \ A ^jil^jall j 4_}jlj jaill (_jaalj_Vil /j i tM-y'il A-lllill t"ll llaC. A*J j_l£(jj]l t"ll llaC. (_£^}Vi (V) 

llyV S Z^i 'yV 6^< ^ 

m .1 ; In II illlalVl 4 i'l i-ajBI j-n. 1I -jw-iN.il j^^nIII 4_ia&l ( t ’f 

^0 /JO») II) ♦ ‘ S* .((^-HjlII) £cSl)Ul jjjll ^ i^£ll ^l. 1 ! Vital 

-( jjiSjAa j)j3 J)l*^l ~l 4 -n1-.i1 

jJil] 4_ijjiL]l 4 *n t -1-11 4 in ill CjliLoba]! ^_^_a ^ ail' jJall ilil jl ~ n ■n jj^a (_lai 4 _jI jl n nn jJa JlV^I 

.4j j.'l' tiljlluJI (jjj£j] ^^iaaaVl 

V .->;• _4JIAjJjo 1*^I tilaljjalll (j-a lAaaJ V (_5A]I L_llata]l ^j^)S]lj IvI'nII 4^11-1 (A) 

^■\ ilijl ^y\n^ .4JlAjluiVI ilil null jj-a [_yt\ “v illj l_iAa1I 4^ium S{C 

_4_JIa±1ui^I tiljLi-uJIj 4_iin]l tiljbujJ! j)C. 4_i jliilill illUSj-a]l tilalam <■ sll-vl 
_4jjliinll t" il j£ j-all ilil Ha j yi l_jAa]Ij ( _j-aL^a j >]l 4^j n«j jjj-a^l jjjaII 4^jum (\ » ) 
A 4 ill ojjj-ai]l ^3 (jjiJj tiljljLui ojjtaaa ^^3 AlAaJI al-lVluil (Jt-taSJ () \ ^ 
JJ AiA^ AijjK (jjSli HI AiA^k AijjK (jj£lij jjlSJI £-a AiAaJI Jc-lil) Y^ 
HI AlA^JI ^!iLai (_>aJj II AlAaJI ^!iLai 4 33-still 4 ii,'i» till (jAaLa^SH ^-a AlAaJI (Jc-lil) Aic- [X] ^1 Y*^ 

V<\0 o\jyJO»\ 

, AlAa-i] Li^AlJa V_j-aV j£^a]l tilijinill (ji aaa t_ iimj HD ( ^ ^ ) 
(Jg\ yJ|Q»\ , j£^)A]l tilljllj]' (J >» ta -s ^ AlAiJI (Jc-lall ^ 

(III) ‘ (II) -4-^ ^!iLal ^g li» il 4 ia.1 tall oj£j-a]l (jiaLa^Vl ^-a JjaaS/l AlA^Jl AlaaSI (Jc-lilil (^ ®) 

J^^>-all till^)^I£ j^).'i jg 11 (jA aaa. 43l_aAal ^a-j ^)l^)-a^VI 4_^jA] (jV-uiall AlA^JI ^-a <tLa]l jlVl (_)c-laj Aic- (^ "1) 

(* Y >job) (HI) j (II) -4- i= 4' -^jl^ 4 uj^Ij gjliJI ^1 






; nlhonll uUlalJI iJJLJ |JJO ninnll djlnAJI jXdl | 

AjAa j& ^ j ^ .XVI Jj-v-all (j>s ^li]! AiAa]! [jjj p j 

Jac. © © jA j © 

(* • i)q'\ yjon » *\"V Og'l , job^ ^lAaUj (_y£jd jja aja^JI ajO£! Jl jla! (t) 

JaS3 (jjjjSJ! AjjoiSl (Jj! jlc- (Q) Jaa3 (jjajjAj^J! jlc- (J) 

jjajjAj^Jlj jjJ j£]l AJjuiSI (Jj! (j-a )a Ja. ( 2 ) ojdlxa C 3 »jj)a\l jliJI (^) 

(jAa-jjAjg 31 J jjjjSLJ! AxuiSi Jjl (_j-a )a Ja. ) AjAa]! ^la J! jlia! ^jj |jj (T) 

C5 ^J^' UJ^! © -> .» !<! Vi J jaO! © (_y£ UJ* © (©*■!' UJ^' © 

Iac- i AjAa]! ClsLala j-a 4_JlliI! Cl il j£ jOI £AAa |J| (t) 
ClliiLaJ^J! (2) (jj-ajji jjjA]! ^) Clujj.aj\\l (© ("ijlWall (p) 

^ ^>a JSLulj AjAaJ! Aajj jjjj (®) 
ii] jl_iill (Q) dujAjjOl (£) 

A u>ijSM o^jiia]! jjioa (J) UlajlV! 

Alijali] dOj p.ljg-1! A iiaj-Cij AjAa]! ^la (j^a-aaj jj| (1) 

(II) dllljjS (© (HI) AauiSI ^p) 

(II) © (II) © 

j* ^®t( v v) 

l^L^U! AjAaJ! Aiui^i (5) ^ CljA^lla]! AjAaJl Aiui£i ©) 

AjJtfl AjAa]! AjjoiS! (II) Cl iljjjj£ ^) 

/ ^juAj jliinll (JSjjllj jjla ijlVl ^g-a-uli [jj ' (A) 

CliiLaj^J! © jaa j]l jjjaJ! (^) Cljlla-jO| (© Cluj.jn2l (p) 

<1 <jjlaaj£Jl ^BL all j 4j jaJ! dial j]! ^ oA ja jOl AjAa]! dLala Aai Cluj j-ajl]l |(| ( ^ ) 

3Fe0.2H?0 © 2Fe 2 0 3 .3H 2 0 © Fe 2 0 3 .2H 2 0© Fe 2 0 3 .H 2 0 © 

(• \ (j\j /JOB I <\v o\j /JO®) 01021 (ja (Jjjlaj]! j l_jAa]I a£j±ui (^ ♦ ) 

l*-a (— 1 i p) ( 3 } <j]Iaj 1 ujVI (^) <J jWnJI 4j n Jl ^p) 

djlauJ! L jJb Idlaad Iclaj! 4_jjfLa]l J‘^>1 l»\l 4 j 3 Aajj djUmJ! (j-a jj 03 ( \ \ ) 

la-a (j i p) ( 2 } jlanjl ClUSj-a]! A-JlAiiojVl (O) 4j'n Jl (J) 

CljlajJ! (j-a ^jjS]! j AjAall <£j±m 03 ( ^ ^ ) 

l*-a (?- i p) ( 2 ) O jla'njl ClUSjO! OIIajIuiVI © A-mJI (J) 

(\ * J (j -a (jjSlu IAl^lj V i-_iL-a]! A^njoi ^ Y*) 

Jyi^Laj ^jjAlili © j»j j£ © 

^ajjjlllijj (ja-ajla (J) (jj^lj n.ij ^jjAjl^tM (^) 

(jjSliJ a-lj^J! ^-a j!^)-aaVI 4ajA] (jaLuJ! AuAa]! (J&lill) |J| t) 
(II) AjAaJ! Cl^US! © (HI) AjAal! AaaS! © 

AjwV ! AjxaSVl © (II) AjAa]! Aaa£i © 


^U5UI @ 




\0 <,wAj) 









(jjSjj AjaXII Jj_j3 a-Lall jULj jl^aj Aic (^ ®) 

FeO © Fe 3 0 4 ‘ Fe 2 0 3 1> © 

tiLijjAIl ^ aja^JI Jclii Aic Fe 2 0 3 |f © Fe 3 0 4 © 

jV (III) (JjjJj (II) til £tiii t ‘iq-voll 

(Jj)ii-<s J-alc ^tili]! (jj^k j j.'ijg 1' (© l^jl^iLuil jliSI (II) (jjji (T) 

tlulj jjc (Ill) AjAiJI (jjji (i) Jalc t_aii-a]l (jleaji. 

^cli) 1 SSikAll (_piA 2 k £-a AjA^J! Jcliu Aic (^ 1) 

a-Laj (III) AjA^, tllljjjj£i (© a-Laj (II) tl (£) 

j (III) AjA^. tlAjjjjfa © (J^jjAjA j (JJ) AjAj*. CjIjjjjS (^) 

(jjSlu A qq-s-all (j>>l a~J^\ ^-a AjAjJI Jclij Aic m (^ V) 

L^la lj\-s © (III) £^-ai © (II) 4i-^=>- ^X-ai © 

(jjSaj jjiSJI jlc ,*^a AjAjJI Jc-lij Aic (^ 

L^-ls Jajii. © (HI) 4JJJ-& © (II) 4JJJ-& © 

l1ijjj£JI jX-a AjAsJI Jclij Ajc- 1X1 (^ ^) 

’e,S 3 © FeS0 4 © Fe 3 (S0 4 ) 3 © 

\jj AjA^JI A^Lla' Aic (Y » ) 

(jj^jjAjAj (JJ) AjAsJ! cll!ji5 

aLuba ^jjc Ajl^i i^ll t|fe> Alda © 


A >.s\ <jl_2kl Ai. j!i V (J) 

A i-vt.o 4_jl_2kl Aak jj V (7) 

iS£) 


(•volS/io n) 

AikiiSj J «-l^S (II'I) tllljjj ©) 






«.La j (HI) AjA^JI tllljiii © 


1 


Y J 

^ , ,'J 1— *1 '■» ^ . 1v 1 -k AlJUlSi (X) 


(III) *^3^^ -\u^ -lie. ^ ) 



(•V o\S/J|Q») 


(II) AjAjs. A^l © 

(II) Bj^^l AnX j jA-ift (J) (HI) AjjkuSI ^) 

^cliil i iq-y-all (_pa-aik ^-a AjAaJI Jclij Aic- jjjj (Y Y) 

p-l-aj (III) ©) f-Xj (II) AjAjSk AjjjK (J) 

(jJSkjjAjA j (HI) AjA=k AjjjK © (jj^-jjAjA j (H) AjA^ AjjjK © 

^jXouj <rkLuJI oJjS^j-a]! (jAaLa^S/l ^-a (III) AjA^J! Aum^S Jc-lili J] (t V*) 
*la j (HI) AjA^ C Xal © ^Laj (H) AjA^ C Xa! © 

U^-JJ-^ J (III) © U^-JJ-^J (II) © 

AjkU^lli ^gjouialiiXll AjA^JI AjjuiSI (jj-v>i.n Ajc- (Y t) 

(II) AjAjJ! Ajj^jjAjA © (II) AjAjv AauiSS © 

(III) A.u,X jjAjA © (HI) AjAjJI AjjkiiSi © 

^Jaaj A ikl jJI aJ)Si^-a]l (_paLa^S/l ^a 4iclij Aic iJ]a] AxuiS! AjjuiS/i AjA^JI AiuiSS 1X1 (Y ®) 

(HI) AJA^ C Xa! © (II) AjA=k C Xal © 
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